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OonattlQtis itisre heen dttfined tor t&o <!«C«otioa emA 
d«t«r:ilnation of prtaoir «aN3 atooaCiary arosatto «^Q@st baiHltaric 
seiai ttilot>©rt»itart6 mi<i ana lo^loxrt iio©t@t#» D^teotlon Is Qano 
on t%» resi» ^ea^n* tli@ Setormliintlosi I s <Soii3 ^ talxtag aloo!iollo 
solntimis of {)«*dl«f>tii3rliml30olaiiaKal<l6lir<lo aii<l t&d ooi^ooad 
ooneenied l » t%it» preseaee of bydroelilorlo aol<l« f Uo 8<®e 
prooe<3«ro I s followed! for f i l l ttio ooatpoaado sttidloa. ftto oalr 
dlffereoooa wee I n tbo ciKmut of the @i^lo tak®iif iHo ^ o n t l l ^ 
of ttm c«9ld dfldedf ttio A w&x ot 1^0!) t&to elisorbaaco I s t&ttoB 
m^ ttt® t ins )p&<p%r^ for ttie oolor to stal i l l lso* 
ArmmHe al&oW<^fi ««n t»« dotorolood apeotrOi>l}oe<^i«trloally 
wltti diplioafftaaliio I n tlio protoneo of hjr^ooiilorlo aold* TMa 
ii«tfiiod eiea l^ o «Md for tlio «l«nitteaeoas iiotoralaatloii of tito 
follosflaf pa l r t of al^oligrdottt 
( I ) p«i}iiiotHylit«laOb«tt«itld«^do oad |i«^«otiqrlfialaoolimas* 
fiKlo^rtfo 
< l i ) nvnanldoiijriio imd o«iqp«ro3Qrb«asftl«oiifdo 
( I I I ) }|«ttsiitil«li3No «iiid ip«4i3rdr03iylioa«aldoli|rdo 
( I v ) 9^f^9tyhmviiltt^»yi9 ma •^HydjrosjrboasAldoiqrdo 
(ir> p<4f}rdro^tifl»«iit«ldoiijnl« and ««li3Fdrojorto#iisaldoli]rdt 
* a • 
fb« A aoxiiiiiii ti»««l ««r« 499 am for p<»di««tl^li«iao«> 
^•iiialilttlirdoi 930 Qtt for ]p«di««tliyta«lttaoiiiB«»al«d«feky(l«t 440 am 
for boiisatd«ti|r<te «]i^ for »«l«rdrosyb«ii«eld«liyao9 900 asi for 
o«4iyilroi3nions«ld«%rdo oa<i for p«li)rdro3Qrboosaldoli]r4o* fiio oaonato 
d«t«r«iiso<l iroro (Q«9*t9 ag) of {i«dt«etiiyl«iilfiob«ii«8ldo&rtfe oi tb 
( 3 ^ 1 3 3 / B A ) p«dl«othyIfltttoooiMiif«ala4«£Qrd«| (3«»ia m ) of l»oiis*ldel)X^ 
vl t i i (3«*13 «g) o«>^yaroii9iiQosaldeli3r(l« and (3<»t3 mg) pMt^roxy^ 
bontatdobydet (3-*t3 i^) of oMiyaroaQflkeiiaoldelifao «it& (3*13 ag) 
o«li2fdroxflie»salae&i]Nbi and (3*13 n^} pHljrdroai^easoldoSiyflo* 
fh^ rooetioita of p«Nlifii«t!i3rlaatiiootB»ttamldoU|rdo vf tb 
<Slfilieti]rlo»lnQt pyrr&ti$ ana tndolo ti@ro booti otudiod in oold sieaio* 
9tm Risotto ootorlttotrlo prooo^re ttao tkdoo dov@t<^0a for tito 
doteradtaattoa of dIplioiirtAaisiQt psrrroto oad indole* fbo ^t iot to 
staotoo reiroat tliat ttio olow otop is tHo roootioa of freo 
dlp!io!Q^lmilfio or pjnrrolo or ladolo v i i l i protoaotod p*mtaettis^l« 
Milooolantaiatdotqrdot followed bf the eltaiaattoo of water* fheee 
reaettoae tiiKro beea foaad to be f i r e t order v i t a reepeet to i i^ , 
prrrolOf iadoloi dif>ac«a9rleaioe «ad p«diaetlqrlairtoooiaaaMaldetiyae 
eeaeeatratioa* s aeehRalea baeed apoa tbe ebaraeterizatioa of 
tlie predaotf the etoioMoaetrrt «ad the kiaetioe of ttie reaotioa 
i e propoeed* Baeed a|}<m tke givea reeotieo aeoliaaisa the rtite 
eapreeeiOB hae beea derived* 
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Tti« fltttlMr wttHes to ftxiire«t litii ti^atitua* to rrof* 
l^f>lislii < r^««»tit9 «na«r mme gvA^ma^ tlila work mm e«rri«d oat* 
Tli« antlior i« tliaitlcfiil to Prof* W* Bi^ twaiif a«iid of tiio 
Do^8rtA9»i of C2ieai»trar» Alisarb ttsliis Ontvoroily f€»r proviaiag 
rosoareli faotllt loo and Or* ll«3« Hot&oro for oeoooloaal t%9lpm 
no to tHiMlcfQl to tit0 oottongttes spoolalljr Mr* Sadnidiaia Kbea 
for eaoonrogeiiofit ^loritig roooaroU i»orioa» 
fhoako oro alao doo to ttie Comie&t of dotoatiflo and 
foiMofriftt Hetoffifob and Oitlvoroltf Qrimto Oo^alsoloa for 
ftoanolat osolotsnoe* 
Iftoietittr AtMiea fiiuui 
(iU 
i» rnmfmmmmmt ( i t ) 
tl* U%f or l*tlltt4tCA7IOl3S (Y) 
t i i , uwt (m fmmn (vi) 
w» !*i9f OP ncmsss (vtit) 
esferjiHAfiO!! or-^ -stric AfiasMTio uim&am 
fiitr»^otimi 19 
EwpmrtmmtaX at 
DlwmstiM 30 
t4t«rftt«r« Cited 36 
A osmsjii* mTi8i» mil mm srccfit»i»iiofOi4i>f uio 
lll£TE»>iIlfATIOH OF mmAIlG AUmilWiB 
I«tJr*diMitl«ii 38 
f i f « r l » t « t « l 39 
ft«tttltt 43 
t4t«r«tiiro CI tod 89 
( I I I ) 
!Ci!i?»no siooins 01 tm mmnon OF 
Xiitroaiiotiois 00 
Knsiitta dS 
&tsetis»l«»a f i 
tdtoratnro 0ltftd SO 
iU) 
urn OF mBUQAn^m 
t» lloteotlon <»i^  Sp«otropboto«»trlo O«teniliiatloii of 
9mm .4ro«atto !1%tr{)^«ii CD«|)<Riiid« «ritli p«4>|a0t^lttaiao* 
9i9mmmMmy^$ ^md. (Jtilo* Aotat Jg^, 309*i& ( I976)* 
3« A Q«ii«ral 'Mth9& for tlie 3{>«otropiiotoA«trio Dotor* 
dliieittoii of Aroaetle U<!o!i3rA«o« Z% Aaol* Cli«m«» asa^ 
ssa-M (t9fs)« 
a» Staotto otnUies on t^a Rooetlon of 9«KltaetttrtaBlao* 
olfiftaaol^o^^ witli i}l^lieii3fla»iao» Pyrr^l&p md ladolo 
aaa tl ioir SlnoUo Colorisatrie 0ot«ra|aotioaf «I« Oiosg* 
ilosonrob (Coaiaiiatoatoa). 
(V) 
usf 0p /^mms 
^*««« 
«Vttttt«Uoa ^ «rail«bU «»tliods* 3 
tABIi! <• II* c^tiMta o«a^ilimis for tlio sptotropiioto-
nttrio diil«riiti»iitloa of mwm iillr«!|eii 
7iBi:^ - III* D«to0Uoti of »9m$ nltrogea omiiioiiiias 
vitu p«Diio« as 
fAatS « Vfm Ootofntmitloii of sosa nitroson ooi^oondo 
witu p«^iM;* ae 
f.^t^ ^ V* Dolonalaiitlot} of orosmUo aldotiydeo* 43 
*?Anm «• Vf # DotomlsattOA of i»«(liii«t^l«alito« 
otsiuHiftiaftli3r<i« t» tbo (iroooQoo of otlior 
oiaoli74«o» 4f 
tmm <*Vlt« Slaottanooiio iotor^tuiUoii of p«<tlaotiisrI<* 
imliWIliAtolAofeQPdo and p«4iiMitttf lonliio* 
oiiia«i«l€io&gf<So* 48 
tAMM ••^riii. stMattAiidoat <lotor«liiatlo» of o«iir^roir* 
^it««I4tli]r4o ana »-lir4ro]Qrii«ttsal<iolir4o* 49 
tmW «• t%* SlMittoaoooo dotorsiaoUoa of |»«tajr4roxyte 
UttiisoiaolijNo mtA ««iir<Urosrbonsal4olir^« 90 
fmiM * Xm Sloattfiaooito dotoittiiiAtioa of iMiisoldolvrdo 
oa<l |i«4Mr4roxi^ ttsoiaoli9r4o« Si 
(VI) 
tmu^ * M, mfmlfm9m9 d«t«ri«liuittoii of 
diff«r«Btiml ••tiiotf «l j»l^ 0* es 
l^mWj * Xfll. Eata ooasti^t by the Integrftl aMiftUMi 
¥.^ lit/] - KIV, ^oeito <l«t«rBtftfiUoi» of l^ A» £»r md 
la «t 33*0. TO 
(TU) 
i^iy OF nmrnm 
?•«• 
1^1 gar* • U Bp9eirm of tii* «olor*<i ^rv^Mot* of p-OAC 
«ltb »Mttliloreaiitlttt«i Si«3^ to«ii|rl«*t* 
a«9littirtMilii«t iMirliitano aeld IUMI 
tHi^miiltitrto «9i«« aa 
PlgttTd « a* S^t^tro of tHe qotoroa produoto of 
4lp!iea^«Bla« ultii p^ -OAOf p^M ana o 
ailxtiiro of t ^ two oldoli3r4os« 49 
rtfaro «» 3* Spoetra of tte oolerod prodttots of 
dtplioiqrtaiBlQo with o«4]at »^3 ooiS o 
atxtnro of tlio two aldaligraoo* 43 
^tgaro « 4» 4 plot of «Ai«oi1iatteo vorooo «ol« froetioa* 0$ 
rt iore * S* Sfiootra of the oolorod proiliioto of p«&^ 
idltH DPii» f^ aad In of tor oao tioar of 
tttidliif at as^C* 68 
ripiro * 6» ^toto of tiM logorlttao of tHo ia i t i i i l 
«lopo« vorooo tiMi logorttlwo of tUt 
oorroo|ioii<siiiK lo l t io l e^toontrailoa of 
tftt 9^*Xi and ml at 3i^0« 64 
Hgoro • T. Plata of log 'j|""^X'AI ^oraaa t l M tmr 
»f>4» p«DA0 aatfloTrSastioa at 8S^C. 64 
Ptguro « 6* rno of foot of aot<l ooae«itrattoa on WA « 
poUAO raaotiOB at M*C. f4 
rii i iro * 9* fHo of foot of «(il4 oonoMtration oa l*y * 
p^m fla4 Ia-^ <4IAC roaatloa at as*C* TS 
( • i l l ) 

Tli« #9t#tttiim mia aottmimitloa ft orfante fanotioaal 
irQit|»9 is i»ie 9t t ^ s»S9i foseiaeUQg e&a^ters in tHo anelytiOfil 
oli«fflistiT of oriaato coopoands* The varioa* aetsma* availotild 
for tfiis pir^os* aa^ r h@ elii9$ifid<l ASI Opttoalt elieatoal «aa 
ot($etr«a»atrtloat« Oat of tftese tim Ofitloat «et£uid9 iir« proiiatily 
thm tsK>9t ueefal tn fDialitettve ^m^dlrstsv Safoot Xa dpeetrosoopf 
to Vfiry r ^ i s ana stl»eliV9« due oaa dettet « l»rg« lutaiber of 
faQQtlQuat groitps frots t ^ 9^wm s{^^tro^ii» at tHo OGKise tia«* 
!t«m i^»ry fti 9|}@etr<iso< i^r aai' ecHBottiios aiss on ojctsttag groap 
or c^near to »tiow oso tttat Is oot really tbore* ilad In imoii 
OQsoa tHe oli@^eat giotlMias ottlior ooafir^ or improvo tlio iofor* 
aettoti froa in S{»«otro90 j^?'» la s»>9t ooaos Hi spootrosoopy fa l ls 
wh&a tli« eoaoontrattoii la laas tlian one ^oroeat* 
IQ ^aati tat lvo analysis tut oho»loal liotiioaa er9 aoro 
a«afttl(l)« fhay ara tietad oo tha voluxtatrio neaattraaeat of aoldt 
liaaa« oicldunt, radoataaty gaoy imtal toa^ or colorad laatarlal 
liltaratad ar aoasaaod hy me oliaraotartatlo raaotloa of tlia 
ftutottaaat froap« ^11 fimotlonal ^rfmp3 hmQ otiiiraotarlalla 
raaotlaat anaaalila to e^iilocil aaa«ira«aal* ^aay fttnotlooal 
grmp» a»4arfa aararal dllfaraat raaaIIoaa aacoile fiHr tfatarala* 
tme tHa paraat grdup, ror aanai^lat altfaliyOos 9m m 40t%rtAm4 
2 * 
hr 9xl«9 forsfttloaf bis^tflte a^SdltloHf lains fomatioa and 
^nt^mtim to •«t<9t« (Titte ilil0 w l ^ raqg* of AVall«&t« «78t«a»t 
«altidil« r»tMitloiis «Qa ti« foaad to tian<ti« tpootfio ootos* f^ or 
vMem^lQ^ %i intorforditoas ero prosont ult^ oao OMitliodp aaottior 
notteod to geii«»roltr wrailoblo iiiA«r« tiio Intorferoaeoo «ro no 
?>rQ%l«m* I f ttio fonotloiiiil groop 1» preoent ia traeo gntmtlttesi 
a ooa»lttv« ttost i>robalilsr a oolorlvotrio aotboa eon goaoraily 
t)a fottaa* It Mgh iir«{ii3loia aM aooaraoy aro r a ^ r a d « a sniti^le 
roaottoit I t tilEolir to bo ^ait«Silo« Also« isoat eboaleal notaoOa 
aro si^aototof ai^ ao oaItiiriitl(»i l« noedad* i f tlio f^otioaal 
gtmtp dooa not bora apoolflo propartioa I t ma^ bo oonvartod to 
a fofta f!Moti la oi^ltj^ t^loatlflod or et^laotod mna tbaa vola* 
€Sotrlo or spaatropbotainstifla sattioda oen be aaed tor tbo (laaiiti* 
tatlva QUalyala of tHa groapa» A oosiiiarlooa &i tue Yarloua 
aaalrtlool aotliotfa la gtiraii la tba folloatag f ^ l o S(l)t 
f t la apparaat from tbo tf#lo tbot tba oUaaloat «atbo<ta 
ara firabi^ly tba boat* fbajr aaod looi^analva laatrtt^eatatloa 
ao^ bav@ wKIa afinllaabllltr* Of tba varlotta ^tat loaal grotipa 
tba al^abjrdaa anrfl aiilaoa ara aoat Mtaafiblo to abaaloat aatbada 
aiK! i lva «— to aolarail pro<btata aoltable for apootroiibotoaatrlo 
aaatrolo* 
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f l i t «or« roo«iif ««tli(Hls nmwA l a tli« Mifttyats of asliio* 
AT* gtr%n 1i#to». Tli« a«a|^ie eoatttiaittg aalatts niqr t>« <l«t«r«io«4 
hy «r««tlag i t «it! i CaCl l a aiootioUo ootatloa aaft aisliing a 
•obsiiqiitat ^liotMiatrto ••aa«r««€ttt of tHe raaoitiag oolaroa 
dOi^ooail«(3)» ^agatsaO) &«• developad a «etltoA for tlta deter* 
adlnattim of biOfeotQ aala«i« Seaotloa of 4«iQBtaoaatipjrriae v i t i i 
aroaatte aalaea liiia Heea tsiraatisatedl for ttio colortaetrlo aeter«> 
siinattoa of aroaatio ^ a e « ( 4 ) » iialaee eiai tie dateraloeo ^ ea^troo* 
t los of tbetr 0(»pleaBea mltli aetliylorai^a «it& a alxtare of CUOI3 
witli atooliol froa m a^aoaa aaaii aoi<! aolatloa v i l t i eolise^aat 
t»eaaare«8Xit of tlia atiaorliiauia of tii® axtraot a i^ t&e aeterataatioa 
of the fmtaoa froa tbe oall^ratioa gr€i^ti(5)« aalaoa ree^eat lias 
baea 09ad for the detaralaatloa of !iig£i iBOlooalar veig&t aataea(d)* 
ninmtyif) atirtares of eotaeSf prtaoryoterti&ry BOA aeoootSaiy* 
l e r t l e r r 9ea be dotereilaed eoalooetrtoalljr l a uom or a.i)AG»MJ^Q» 
^rrogaltal wae aaed am ttie aaodlo depolarlaer for U* geaeratloa* 
% afieetropliotoaetrlo aiettiod for the deterelaatloa of loa^-o&ala 
anlaea l a fairer aad saa water m& U proaeselog raff ioatea turn 
keea laveatl gated Hf Flor@aoe<9)« ^nie Oeteralaatlon of allpliatla 
aad areaatle aalaea hy gaa oUroaatogri^liy of tHelr vota t l la 
derlyatlvea ham twen b r ie f t r reirleaed(9)* jloaoaalaea ooearrlag 
l a daatoaerebraa of the ooeliroae!i bare beea Ideot l f led by aeveral 
fietbadaC 10) • A iHirefMtogra|ililo->flaoro»etrlo aetbod baa beea 
deeerlbed far tbe rapid dlreet deteralaatlon of aoao«*» dl«*9 aad 
<• 9 ** 
potytuAnem to t»Iaat9(l t )* SpiiotropliotiMietrio Mdtliod* for 
tfotomliitiis trme imfmn%9 of Alipliatlo ana arosatlo aainos harm 
tmm r«iri«iittd(i2).T!io isMHtdt of aotiQ^tooiiaio i n tiOimoretal isarioo 
ft«li hm tNi«ii ^tftrmiiieS 117 stot^ d i s t i l l a t i o n «i»^r atHaliao 
ooniSitioas fotlovod hy ttie fojnuatioii of tlio Ca<-aitliiOQart>n8ato 
0!»9ipleart &tta o^torimetirCtS)* '^iot&orlviii^llicetoiio ean be as@d to 
det^rodiio mifOQi^ tQiis end prtsersr otia aoooaaarr ii^iaos t i tr irao* 
trtc?itt7(t4)« ^n ion chfoantograpMo too!i3i(po tk&a t»6on UdeO 
for thQ dotentorttion of ©oaosotliyti^iitei diootU^rlamine aad 
trl@@t!>ylffl3i{i@ at hig^ ooiti}fiatrati«»i(t3K Sodias a i t ropn iss i^ 
em he asod for a olegstf loot ion tost for aliptiatio aad aiyiQ£iiiio8( i@), 
B&atmdGSy mstnm i n ooin^roial Hsh hmo boon dotorained by gaa 
oi^r<smt03rat)!iy(tt). 4aiii#8 oAii fe© ^^toroiaod i n air by babblia;; 
o iseftfmrod vottiso of «iir ttirougb an aoi<lifioil iso^^vopyl QIOOSIOI 
{3iietartt mid rooetia^ nAth aiEi!isrdrio(i3)* it4«43easoQaiiioao oaa 
be otodi to <}{itoraino a^nea m^ mlrthmmim apootropbotosiotrioally 
( t ^ ) * Ttio roftetioa of o^loronil n i lb a ras^e of aMaoo has boea 
iiivestif«t«d mfH Q sonsitiiro astboa for ttto dotonaiiiatioa of 
sttooBts ttpto 190ja^ of bonssytimiiio i t giir(iii(2a)* i--Ftaoro*3y4* 
<itaitrobsiisotto m^ {lotassiua totrabydroborate 00a be usoa to 
dotoraliHi primtKty m& soeoodary oaioos 6olorifliotriottlly<2i)* 
Hiobtont eiM bo asod for tbs sipsotropbotoaotrio analysts of 
prianry alt^fbAtio aaine«C33>» i«Cbloro-3»4Wliiiitroboaaeao oaa 
b<i as«<l to dstoratno aotbylaaiao aad aono* oai! aiaotbylarea 
m Q m» 
flip«otrop!i9tiMi«trte{ill]r<33)« d^Ghtoroaortdlae oaa bo »•«(} to 
<l9t«mifi« ?7-«iTlH3r<lroifl«>ta«« spootropHotogMtrioalljrCa*}* 
4 br i«f roviev of rooeat d0Volopa«tit« I n tHe •aaljrlio&l 
Qh««t5tfy of at^oliy^oo «hovs th&t a iot of istorost i s boiag 
takefli l a tlio dovolopeiont of now oMit&odls onS to ivpro'vlQg the 
oldnr oao«« Bono of t!ko more tni^ortaiit oovor oietliodo are gives 
llfttOV* 
Ant&rone fias boon asod f<jr t&o ^ a o t i t a t i v o ooloriaotrio 
dotereiaatioa of aroaatio al<lofqr(loo<33)» 2l}igaio«(26) has 
@^elop&6 Q. aotbod for tho opootropiiotattotrio Ootomioatioa of 
cildle!i:faQo witti gtiolaool* txiti:))rrino(37) oaa bo »«o<a for gaoiiti* 
tet ivo dotoratnatloa of oroaatio aidotigrdlos* ladividual aroaoiio 
oltdlottsrdes ean bo aoterataed i a tboir i^stttre ftaoroaotrloallj? 
oritli ifShiidiii^aoaaptittialeafiCsS)* 7i:iio9osiioarboQiao aaa i t s 
dorlvnttvo hwrn been used ea a roageat i a tbo ostporfmotrio aoolysis 
of oarboajrl eoar^oua^aCa^)* U8oillopolarogrQptiie(30) aetbod bao 
beoa oaodi for tbo €lelo,raiaatioa of 0000 arc»Batio al<!telisrae8 ana 
kotoaoa. i ianto aad binar$r nixturos of alipbatto* aroaatio aad 
heteroeyelio aldal^dos ttara baoa doterainod aB|»aroiatetrioally(3i}« 
Gat|Mira(33) bas d@v©lopod a aetbod for tbo dotorMaatioa of 
aroHatie aldabydaa* a«#nraldobrda baa boon doterainad i a aoa* 
atiaooaa aadloa by flliaorptioaatria(33} aatbod* 4*iUiiao«»3«4iydraaiao-
!l«wireai>to«8«tnasot« baa baaa aaod for tbe apeotropbotoaatrio 
<!atftrfiiiiiitlmi of iiiao^«0»(34)« Gayaoa(3S) lias deiroloped a airoot 
t>i«atftt» ootliod for tfto 4otoraliiaUoii of aIdotiy<los in brorndy and 
litno «^trlt«* !iol3rt»d« l^iO90!iorio eeid !ia« beoa oaod for ttio 
dataraliiaUozi of aldoi^doa l» «a elkaliao aodiiia(3a)* attaut(3T) 
tiaa d«votO|i8<3 «ti tndiroot aet&od for tbe doteralnation of aldoHardeo 
W otorAo absoitittoii apeetroieopy* A rwimt for t£ie dtatomioatioii 
of aldoDsrdoa In ttia atsiospiioro of iron motallareieal works hos 
iieoii pablisHc^ hy niiseiE(33)« lilroslilAC30) h^ roporloa a aet&oa 
for Clio groap doCorataetioa of ooj^oayl oonpooiias ia tHo air* A 
r«vte«(40) ooirortiig t ^ dotori^nfitioa of orgoolo oota^oaiidai 
tiydrooarl)0»@* a^$ oldolijrdoat Ketonosi organic ooidSf alooiiolo 
ma ptionolo In air tiat Ho^n paHlloiioa W Altstiallor* Cr(tl} ion 
Has hQon iiaod(di) for t&e ^toriaioalion of a n»al»or of ro<iiK)it>lo 
oonpoaadSf saoli as nitr | te»t oitro* nitroaoy aaoaor ooi^ onailsy 
atdo$i3rd<;«» COl^ f oM«e8 end ohloreaino«T in an ciQaooo® aolntion 
by fsoasttrins tlie abamfbanoo of tb« resalting Or ( I I I ) * Tliis 
netfeod is naittior sonsitiiro aor aeleetiire* .'^ indir^ot iod^iotrio 
aotliod for ttio detera^aalion of aldabydos in bread is siven hy 
Dro!)ot(d3)» Tbo fteaaitivity of tbo aotiiod is not nontioaod bat 
i t iloes not t^p&&r to bo a aoasitiire mstthoa tor tbo dotonalaAtioa 
of aldobjrdas* 
Tboro aro aotto intorasting aatbods vliioii bova boon tisad 
onty for tb« dataation of aisinaa and not for tbair dataraittatiott* 
Tbay ara anwiariaad balav* 
* d « 
A«lae» osB he <l®tftote4 hy t ^ ooid etilorldsy oartkylaaliidt 
dt«iifillsftttoii 11114 •oaiaa Bltropiiissia« t«»t»* ^eraa«t«otioa 
of primary en^ tumtamAmrw mA»»9 &iw«4 uptm tli«tr r««ati4io» villi 
%ati8«ti#8iitf9i^ ti$lit#rt46 in ^9r« ^oe««8f»l tties nflftfe IHe loner 
attfteiiiies* Da1i«(43) hem devorlbe^ a tost for prtaary aailBes 
li^ e<d «m the foxntatloa of a praolpttato fritli 3«4tttroaalieyl-
&W^iij&9 la tfi@ pr«««aoa of aloicat loa« aa<l also a tost for 
se^^m&tmy ^ilaas based mk t&e forsatloa of alisstl fllt£4oear%»daat4g« 
A iiiia^or of oolor taota of varflog seaslllvltjr aaa apaol^lolty 
have tieaa ileaerlliiKl W relgl(44)» tiosi of tisa reagent a propoaed 
for ^ e ^ertiratlaatloii of liilaea are myl or aryl otilarldea aa& 
QTft laooraaatea* 7&@ oMorldea jrlold ea^atltated mtidea^ 
aaetasil^^af lioas^ao aalfcmfl^doa^ and ttie lltief llio Isooyaaatoa 
aad Isotaiooyaaatett ylol<3 area aad tliloareos» 
nm^ • u'cooi — » asacaii« • uci 
Aaatrt oMorAcie(49) and aeetio aatiy^rl(le(4$) are aot asafol 
reateate for lever atlpiiatlo aatlaoe md aaaor (Hial^etltated aryl 
«fflaea* Hevarer, there are laetaaaea ta vtiloti aeetjrlatloa of 
MMlaee It valaatole for oliaraoterlaatloa* 
«» 0 «• 
Sims otiittr d^rtTatives propoaod for tHe cHaraot^risatioii 
of pritt«r|r and •teotttfnfy lu^aos ar«t (a ) salisUtiitttll 3«-filtro* 
ffet!i«lt«ld«»C4T) fonioa l»y the raaeUon of cniiies vttt i 3«iiltro« 
pht&atio AnHjrdridot (b) aali9tltiit#d 2«i«Qaltro«OQ3r«liiti«san« 
d«rlvattir«t(43) r«f»ed &r tlio reaottoa of aalaoo wltti i~(3* l to« 
aitrosoosrolohcsyt) pridtalaa G! i lon^ l (o) |i^oras^(le8(49) foraed 
by r^eetioa of «tiaea with pieryl oblori<&it (<3) salfooebts* 
eeetf^denied) for»ed ^ tite roaotloa of esters of sulfoae* 
bisoootio sold antaoai («) oon^eaada foraod hy tHo roaetloa vith 
fi>M«i^tropliaf^leoot|rlo&lorlde(5t)« fiio torllorjf aalaea «dltli few 
93R>oi^tloi!9i aro not roadl lr dariTatiaod, ChtoroplaUtilo aoci 
dtstoroesiri 0 eolda G^^O «ell-«4oflaod satta «rttli ^i<^OQaaatttiea 
of 9<m9 of t{iQ to r t i a r r antaes l i ka ooniiao aad ^ i a o U a o * 
!lo«NEHrer» ncmy of Ibo tortlari^ ai^rSoeilaoa oro so aaalily^ tiasio that 
tbsr <)o aot font wall Ctofiaad salts* Bjf for tba @Ki8t sol table 
doriTsttirss for t s r t l a r r aalaet ate tbo salts of plorlo sold aad 
addtttoa gnatsraary omoolasi ooo^oaads* f^rlaarjTt ssoondary and 
tsrt tary aatassf aad dl«*9 t r t« t aad tatra»'ulaos bars basa dotootsd 
by fonrtttg btisbly oolorad eos^anods wltii a i t ro and dtattro 
as«i|»oaads(S3)» Aroaatlo assiaas oaa ba dotootsd lo'naaoaole 
raags wttb tba rsagaot Plaraa» v l tb wbiob I3iay for« stabls 
yal lav dsrlvatlvasCSS). 
TMa larsr obraaatatri^iby bas boss asad for tbo dsttetioo 
of orgaale ooiiiioaads* Tsiebsrt at al«(04) rao a soriss of 
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ftlksrtimliids tnolti^iiig t«v«riil arooatto aaiiiot on tievoral ftd9ort)«at 
Ottinn •urtoa* ftotVAiit* flMttt alkyloaloe* may be oUromitograDlied 
on « i t io« i « l f tiarf«ro<i otUcrtt gdlp or oa oollutoao la /«r«* 
0«sii^iidfl a i ^ lift dldt8Ot«0 wtm aiEilur^Sfia ood »tt i i todftao* fo 
«ij|il9t in ttio idoBtifloiitioii of priaary and aeooaaary aaineSf tliay 
amy bo oosrortad to tita 3tll«difit trobeazaoKla <]orlvatives and 
ebromttograi>li«d o» a l l i a a gal v i lb obloroforHHMl^ etHanol ( 9 0 t i K 
TItas© derlvativea ae^ be prepara<l i a t^e aonaal asuaer by roaotlog 
attb 3|5«dtal trobaasBG l^ obloride* fba darivativaa oaa ba datooiad 
nadaf a l t rav la la t l l^bt or by ai^r^&ag «ttb oitbar o oblorofora 
ootatioa of loatao or trtitt mi /^-aapbt^laiatQe aolal ioa. I«aaa(33) 
tsaed altiataaa ostde for d i f feraat ia t ios priaary» aeooadary oad 
la r t ia ry iKdiBaa of toag-HSbaia atataaa* Baader o l a l * (93 |3 t ) aad 
Bavteki at el»(33) hm« i^pliod tbla layar obroaatograpby to tbe 
obaraetarlsattoa of earboaolea aad polyaaotear earbasotaa <^taiaud 
fron air poliotad by ooal tar pfttob faaaa* fbe ooapouads may ba 
dataatad by tboir flaoraaaaaeo in at troviotot l igbt* Savaral 
diftcoaiaa raa^aata m%rm avalaatod witli ragard to tbair ab i l i t y to 
dataat aataahol aalaaa i a tbia loyar ohroaatograoa^ fba oaat 
aattafaatary raagant taated wm p«aitrobaasaaa*diasoaiu« t a t r a * 
floarabarata* tba nitroaoaaioaa(SII) vara i^pliad to eativatad 
l iyara ( a i l i a a gal or aloaiaa) for tbia layar obroaat<%rapby a i tb 
basaaa«atbyl atbar^-OI^Otg (4 i3 ta i SiTtiOt or iOi3t3) and a t l ^ l 
aaatata«liasaAa ( 4 t l ) aa davalopiag aolvaata* fba abroaatograaa 
wmrti •ttbltet*^! to oltritriolikt i r radiat ion to oonvert ttie 
ttltro««idii« Into priamrr ^B€ soooodiiry iMities^ viiioii «tiea 
•lir«3f«<t vltft fliior«ffOiAiii« reagtiitt g«r« fl'iorosooat and tnHi* 
flasreseeat pr<iirii9ls» resi»«otiYelr« ^^^ visual ^ t a e t i o a i i o i t s 
vara to to iS as* bat for ttie vo la t l lo aiaetliFtf <Uattiyl md 
' i frrol iaine aoi^oiiofla tlie l i a i t a vara SOO^  40 aad 40 og» r»9» 
paetliraly* Arofialio aaiaaa tiaro baea dataota^ Hir t«a diaaasioaai 
tfeta layar o&rcmatogra?t«r of charga-traaafar aom l^ese»B(QO)« 
fasada(dt) baa dairelaiiad a aothad for tiia detaatioa of ar(»iatio 
aaiaaa aa at t iaa gal tHia layera is^irasnatad witli aaagaaeaa 
aal ta . ftio ^o ta aara dataotod t>y apre^tog «itt i 4»dimethyi> 
aatnoliaaaaldelijrda aoiatloa or by axpoaara to nitrogaa axidaa* 
Xa addltloa to tHa general fsatiiada diaaaaaad aliova thara 
i a a varr aataottra eM aaaattiva aatliod a^toli ba@ not be&a aaad 
mkeU i n qualitative aaatysta* ?Siis aatlioa* lioeaa aa tUa raaio 
apat taat &aa tN a^a aaad.ganeratlF tor ttm dateotion of ioergaaia 
iaas t>r aaiag aotor raaatiaa alraady iuioaa(62t63»64)» soaa taata 
liaKTa bean daaaribad for tlu» dataotioa of phcotolat al ipbatio adinaa, 
f^vimmff aronatia aaiaaa* atdabydaa and aabatitotad ttydraainoaCdSy 
ddydt)* 4itt tbasa taata ara reaia apot nadifiaatioa of alraady 
Haaaa 99\9r raaatioaa* Flowavary raain baada oa» also ba aaad to 
davalap »9w aolor raaatiaaa aa aaa daaaribad by M, t^mraalii for 
diabaaylaiiiaa(tS}* l a «Etia taat a faw niligriiffa of tba taat 
atfbataaaa i a aloalial aad a imm raain baada ara addad to a niorataat 
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tiib«* One or t«» drops of p«-<!imiit!iQrlo«iao6easftldo&jrao tolottoa 
lire ai^lttf* Tlio ooatoiito «ro lieet«<l for tvo atmitoo* wtioa 
&ip%im^lmAne to preooat o ao«p j^ltoir oolor i^^«ar« oo ttio rooia 
l)owl9 at roim t^iaporatm'o* T^a taraa to grooa or ^laiszi grooa 
oa Ibiaattai;* the freoa eotor oa tao roolo beaiao peratsta it tae 
dtpsicsirtf^ae oonoontrattoa ia bis i^y Dot ftt moy traaloD on oooUag 
i f the eoaeeatrattoa is low* cvea at low eonoeatration^ hoaoifort 
tfm ootor e[fpm»& <m ttm rosia t^ oad apoa Eieatiag* 3iaoo tlie eotor 
la aSaorbed oa tl^ o real a beads t i t la probabty a poaitlvo otiargea 
eoapoaad wlitoH reaatts froa tftio ooadoaaotioa of a^H^ffii* — %\ 
tgiriltli 9«>»aieetli3rltmta«^c»isaldetiyd[eft f!ie aasaia^tloa la ooafiraed 
W tbe feat tttat aaatral solatloas of lUptieaylasioe aad p* 
&%tm%Wt&3Ani3^9nz&X^tsfQo do aot reaet to gliro attaor a yellow 
or a greea prod^t* aots0ver» I f dydrootilorlo aold Is oddodf a 
yeltow eolor la obtalaed «Mo!i oa tioatla^ taraa greea or aialsH 
greea. 
Till a lirlef aanrey sfiova that tti<»re are very fev aaefai 
ttettiods araili^le for tae determlaatloo of sohstltatad arooatlo 
aldaliydea* ?aera la also a great dearth of geittral iMthods for 
the deteetlaa and determlaatloa of prlaary aad seeoadary aroaatio 
eiilaes. S|»eetro|ihotoaetry offers ths alo^lest approaoh to the 
solatloa of the problea. Oaee a sal table reaetloa has heea 
fotittd I ts aeehaiila* shaald alee he eloeldated* this rssults la 
the deirelwiMMBt of hotter aethods of aaalyals aad gives aa laslght 
- i3 • 
in %h9 ^loialstfy of tlio rii«otioii« ^ e stttOar of tciaetiea is vorjr 
li@lt>fiit in fiioicaitig ttiQ tmnt plmifliitilo aeolmiiioa* I t was ttioro« 
for« eoiioidcrroS nortHiitiilo to otudjr ttio variotts aot^oda «!iieli m^ 
form ootoreO ^rodnotn vitu al<s«liifdoa and Mtiiioo* flto»ir ao^oots of 
tlio reaetloiis iMio!» s ^ t»e OMfsil in anal^tieal otioaiotry voro 
tnwatigatodi aitd at ttm sumo ti@i9 tho Kiaotioa of t!ie reaetion of 
p*»dis@tl^ lfint£iooiima9iilda!:2S^e wit!i <liptioqjrieaiiiei pyrrolo tmH 
indole iris elso followo^I ii9i!]@ @peotrop!ioto«etry« T&e resaita 
are preseatad in tHe fotloii^ii® otitptera* 
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th@ munt rd^Qlf useQ A t^Hod for tHo delefsilQattoo of 
afilii@9 Is t>«t3®^  OQ t i t r a t ion witu en eoid* fliQ t l l r i a e t r t o 
tSQthodfi aro ortoBtei to«ar<3(i msuay or dojor oompoaent analysis* 
At low ooitteatrations faster aetliods ere yrefera&lo wliioa aro 
ooloriaetrio io siattiro* 
t^dltoatloas on ttio oolorinotrio detor^inatioa of priaory 
6t!ilQes aro quit® mia^roas* Those Esettioda amy t>o broken &&mi 
Into t«^ aojor otaisaesi tlio f i m t I s be^ed oa ttio forsBolion of 
a 1o!iiff*9 hfme (or a metal ooi^lo^i of a Jo^iff t>a3o> eata tlio 
seooad dopends on coopling the a^nes with other oo^ djcmacis to 
^ve a ootorod dyo* The Sofilff *s hasre i s produoed by oonatasa** 
tlon of the aiino with an at£Iohy(!o in strong aoldi solation. 
Different types of fildobydos have hoon propose<}» saoh aa 
honsal^ehydOf aalioylnlaohySeCi), Vanillin(2}» hut tho heat 
general reageat aj^peara to be p-dioathylaminohonsaldeihyda 
(l)«B.*^)(1)« Vmigh Levin reported a oethoil for tfeMi Oaten^ination 
of prIaaiT ^^roaatie a^inea(4)« 
Haveral aathod^i for saoondary omioea are haaa«l on aolori* 
aetrio ni«amre«eat of dithloearhaadla aei(fa ana their derivativea(9*^>. 
^ Method hae haea re|}orte<l hy Uabriat for the deteruinatioa of 
••eeadarr fis^aa»( >>• Oantlajr reported « settiod Cor tn® <l«tor» 
Mlaiition of dtpbeayliMiao and i t s aoaonltrodorlvaiivoo by 
ostdation with I r o n d l l ) in sulfuric aotd solatton* 
Bpeotronlioton«trl« oettiods for t&e qjuantltatlvo doter* 
olQatlofli of barDitisrlo eotdo tirive boon r@ported(ia«il)* For 
the detomlQiitioa of thlobarnitttrlo aolds spootrophotoaotrio 
liottiods ti&tr® QIBO ibeea reportod(ta«13). Hadtto reported a 
wmthod for tti0 rapid oolofiiaetrlo detei^ioatloa of iodoayl 
aootate(t4)« 
A roforonoo to ttio studies desorlbod above and to tbe 
csoro rooeat l l teratore sbows tliat very fow general speotro^iboto-
aotrlo stetbods ore ovfiiloblo for tbo deteralootloa of aitrogeaoas 
eoj^ Doaafls* flowoiror p-4>/i:i oim be «®od for tbo spoolflo detootloa 
of dlpbenyta?4oe(lS)« The tiloetlos of tbe roaotloa of p«-i).i3 
wltts dipbeayteMiae was studied l a tbe solid state aad a mecbcialscA 
for tbl» reaotloa mm po8taloted(l@)» Oae of tbe d l f f lou l t les 
with p*f>^ in tbat I t f i r s t gives a yellow oolor wltii dlpbetiyl-
a«lae whlob tbea obaages to greeo* I t mm tberefore coaaldered 
desirable to stady the oolor reaotloa of p-dlnetiiylaiBlao* 
elaa«Baldeb3r#»(p«PlO) «rltli altroiseaous ooapoands* 
\ searob of tbe l l tsratare sbowed tbat p-UAJ bas beea 
ased for tbe deteetloa of area l a body ftalde(17}9 as a spray 
reas«At for ladole derivatives oa paper obroaatograas(lc^)* 
| i r t i i«r|r enA ««ooii(3aiy ttro»»tlo Afldlao8(10»3*>) a i ^ Has been 
{tti@geiit«^ fo r Ibe e o t o r l a e t r l o dt toroSnat ioa of 3«t^ti0iijrl-
tsil<!}exol6ldlcio!Mi(ai}» Oat#olita«(3a)t f^*«oetyl-;J<^Iioayt* 
f,lyetni»ataif»tliy>t««ildi> I n nlsedi pharnaoentloal preparat lo»(3d)t 
stil'^lKittllasii!® oA^ 80i!» o f i t s 438rlvatives(24) mid fo r ttie 
aotertttQatioii o f 90ms prtmay arooiatto ejaioea(23}« 
As QO sFetcaatio staily of tli@ oo lor react ion of p-DAG 
was CEVallabte t l ie nrosent isowk «as to lea ap* AH O r e s a l t i £ 
939 fouad t! i6t p*^*^^ oould bo tised as a geooral aens l t ivo 
reesent f o r tbe i p e a t i t o t l v e datora lnat ion of primary em6 
aoootiQasy orosat io aminos and otber nitrogeaoas oo^nouaas* 
m ^% m 
(U*3*A») was o»e«S* 
J|22£SSlfi» '^ ^^ reagents «r©r© of ^oal^tioal gr«^0, 
3olnti<iii,Qf jfaAaaiit Wr@Bh &tmsk sotatiofis w«ro prepared by 
dis90lirltig velgtiQd aaotuits of wlaes io etbanol. 
nolation of fi-<}|ti<itharlwititoeiBii»aal<lehy<t8 for Deteotiom 
ci.i'*^  «"»oitittoii of |»-4)ACJ (ana, u a , , POOIQ, cogiaoa) wm 
^rofiarod l a I^ tiy«rooaioi*4e acta. 
flonln far P#tootloat Uowex aos"«3 (20-30 aoah) was used t a 
til© fl* fom* 
qolqitoa of ii-»at««t&ylawtnoetnnaaaldetiy<lo for yotoralaattont 
a . i l Solutloa of ii«4)A€ (Bllilv Wd*t ?ool«« uiglaad) was 
proparo^l la «alliaaol« 
For n»tttgttottt Oao aro{> of the t « t t solotloa i n etbooot I s 
telEtii in n sAetQ test tath» sad a fow rosia beo^t are added lo l t « 
Ont) or two drc^a of p^dlaettiylaialoootiiaa^tKldelir^e solatloa are 
sMedi, Tfte oolor on the rosia beads appoara at rooa tei^eratnre 
at til nil oonoeatratloii* M to« ooaeeotratloa tlio oolor on ttie resin 
treads i^tJdcirs on feentttos l a tiia boitla^^ trater batfc for about 
f ive dfnates* 
For naterataattoni 
Antltfig^t To tlio 3 a l solotloa ooatalalag (3*30 j ig) of 
anil ine I n etti{«Qoi« are added o,04 a l of l a i lisrdrooblorlo aold 
mk& 3 at of D»i:e p«l>in solatloa, Tbe volaae la aade apto lO ©| 
nitti eoamotlvitF water* Tlie absorbaaoe of ttie ree^ltiog purple 
iiolatloa I s fmmmr&€ at 33^0 l a i oo cavet at 33\) noi ogolost a 
blanlcy prepared i n the same way at the aamo tlsao witti tiio sisKDle 
solatloa* the oolor beoooes stable l a 30 catliBites and reaalas 
stnble for abmit one weele* 
fbe Sfine prooedare wm folloisied for a l l ottier oo^pouads 
stodled* Tbe only differeaees lavolved tbe amoont of tbo saa^ile 
t«lte»i tile i p f l o t l ^ of aold addedp tbe vareleagtb at wbloU ttte 
absorbaaee was aeesared aad tbe t iae required for tbe oolor to 
stabl l tae. fh«t«e dotal la are given I n f«ble I t * 
•> 8 9 <* 
lillf..:^il 
Stt%«t«IIO« 
f««iltro«alHae 
Q'mtiktW9mdHm 
Q^^mytm^imAwt 
p^it9»f%mi9H Milati* 
»<if»!t«iqrliMi9di M I I M 
/«i i i^tl i9rl«sli i« 
/3«Bipllt1^li«|B9 
(}«t«i«t4iii« 
9«»t«l«i4til« 
lHl|»1i«iqrtMi«ft 
ao^ aoo 
tOHiOO 
1 0 » t ^ 
ai^ so 
SHK» 
to«t<xi 
8«S0 
9«80 
iOHlOO 
«1 
0«9 
0,0« 
0*<M 
0*04 
0*04 
o«o« 
0«0i 
o,o« 
O.Oi 
0*9 
f i t t t of 
mmt • ! 
««l«r i n 
90 
to 
i » 
to 
to 
10 
to 
to 
to 
90 
««r«t9aff^ 
{tm} t»w 
WitmnrliiiM 
990 
990 
9t0 
999 
990 
9tO 
990 
990 
990 
990 
WI9H^^B§ W^Wi^  4P V^MIM99IM9P to»too 0*4 99 
9«rtt9aft« 4(tt4 
fliti»«i%tt«rt« Ait« 
Ia4»iarl Mt t i i t * 
940 
90«»990 
9<-90 
9 * ^ 
90*990 
0.4 
0*9 
0«9 
9.0 
to 
900 
90 
tm 
940 
9T0 
900 
900 
tMii»«i%ttiirt« Mitt* fii« o4l«r« wmtmim •t«9I« f4r «94iit M M V M H I 
Imt in* • • l * r «tt9 0i-9lNMqrl«9*4t«tii« t * •Ul^U ter • « • hMur M i r * 
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The following o<Mi|ioiiaa» g«ve no oolor on noatliig witb 
p*dt«<»t!)rtaainooliifinialad[ti|rd« and resin bend* ia tbe Q^ forai* 
llyaroe»ri>oa« nut! t lmtr 4orty«tiyogi 
Oeasenoy bronoboasoaGt nitrobensanet otilorofora an^ 
oarbOQ tetr«elilori<!9* 
C?erfto*\vf^ratoii Olaoosof sooroiioy fruotoae» 0-a^loso» ti^tose* 
trofietoso aa<S g«li»toao* 
^otonoai .lootonot et^ltsettiyllietooQ, o]roioiifixaiioiio» { a o t ^ l * 
tftotiatylkfitoiie, di«>isot>iat7licetoiiot benxoplieiioae, oad aootoptienoiie* 
JSJJft AootiOt beua^iOf forsaiOi propioaio* osaliOt aulfur io, 
ti]riiroeiilorie» tartar iot a^oltrobansoio and o-«ilrobeQ2oio« 
fi^harii 4ai«olot dioxmiot et&or ana p«4iitroaal8ol«* 
yhaaolit p<-«itropb«aolt a-nitropttoaol and pbaaol* 
Aioofiolti Mathrlf •ttisrlt a*^rO|iyl| isobntyli n-butylt isopropyl* 
iaoaarlf t«rt«AMir| and ^lyoarol* 
lainoat 4lipli«U« aninaa tmA tar t iary aroaatio aaiaa«t» 
I>«t«ettoa of 89iw» «ro»iitio iifttroft«ii ooapoitiids wtt l i pM)m 
«5i !||1»at€UIQ4» Unit of idoattfi* oatlon jBg/Ml 
."^ttlllno 
0«<chtoro«iiil 11 oo 
p-«ttPOit!illliJe 
li«to1tt|t!li«& 
O'totatOlno 
0«if>liei!iyleit«»ai anlae 
p tttiefiy loaadil a«la« 
8i-fi&0iiyIeiie^iQfld.fie 
-^-ni^htl^lastli i© 
fi '»a^hthytmAn& 
Ttlplt«»flaatae 
^•ipitiPii|rl<->i«4i{iplitturIa8toe 
f -^h nny l«3<«aii^ti t h^l aal no 
ladolo 
I n d o w t oootAto 
!I-lijr«ro»r«4a<fol«-3-
oootle oolA 
Barl i t t i ir to AolH 
TMol>arMtario Aeld 
Rea 
Rod 
y t o t o t 
a©a 
ISod 
Eed-^loiot 
Vtotot 
Oed««riolet 
ae^ 
Eod 
nod 
ciod««riotot 
EGd--violet 
etirplo 
Bod 
B lu t 
3od«violet 
Grooa 
0*10 
oao 
a* 10 
0,09 
0*10 
0«0« 
0.30 
0*20 
0.10 
0*10 
0.02 
0*03 
0*04 
oao 
oao 
i , o 
0«08 
o.os 
D^tamiaatlon of mm» nitros«ii QCM^OIIIKIS wltli p^ DAC at as^C 
fiiib«ta]ie« takeii foand 
Moliir aiisorpUvKgr 
J Error ^^^^^ ^^^j^-t ^^-t 
Anl l ine 
p«<>altr<»mtillne 
O-ohloroiiat llo© 
0«ip%t«iQf 1 «a#ai ««18« 
p«9k#ii3rti}a««l Mil no 
0«60 
0*iO 
o«a> 
a«4o 
t*do 
3* 13 
10.00 
^ •0 
4«0 
8,0 
3.0 
s.o 
t.o 
a. 2 
t *9 
U9 
ua 
0 .0 
0 .9 
o.e 
0.4 
3.4 
us 
1.2 
0.60 
0.40 
O.T0 
0.40 
l . d i 
3.33 
3 . t 3 
Q.OO 
9.44 
3 . 9 
4 . 0 
9 . 2 
3 .0 
5 . 0 
0 . 0 
3*3 
Ud 
t»s 
i . 9 
0 . 0 
0 . 9 
O.e 
0.39 
3«39 
l .T« 
1«2 
0 .0 
0 .0 
- i.a 
0 .0 
• 0.9 
• 6 .3 
0 .0 
0 .0 
- 9 .9 
"• 3 .3 
0 . 0 
• 2.3 
0 . 0 
0 .0 
• 1.4 
0 . 0 
• 9 .4 
0 .0 
0 , 0 
0 .0 
0 .0 
0 .0 
«• s.o 
- 1 3 , 0 
• 3 .3 
0 .0 
234^3 • SJO 
38T0 • 40 
toToa i soo 
i3390 • 1980 
43990 • 99S0 
f «» ia - IV (COQta,) 
• at • 
Stiii«taiKi« 
Molar 
SS Error absor^ltvlt jr -
l i t e r sKiie-i oa 
tB«(?ilietis l^eit@<li fsidiif> 
(/"iHfEohtlijrl aaliio 
/3 iiai^lit^ltmtiie 
w f o t o i a i a * 
p-tolult f i i io 
0.40 
0«40 
1*20 
1.40 
0*60 
UOO 
3,00 
8.90 
noo 
d«CKI 
3.00 
t . 5 0 
0*90 
2 * ^ 
3«00 
1,00 
a*t)0 
1.00 
a.oo 
3.S0 
3.00 
1.00 
l . » 0 
3.00 
0.50 
3.80 
0.40 
0.40 
1.14 
1.30 
0.93 
1.00 
3,90 
9 .00 
O.TO 
9.S 
3.00 
1.49 
0.90 
3. 30 
3.00 
1.00 
3.^)0 
1.^0 
1.99 
3.49 
3.80 
1.00 
1.90 
LOT 
0,90 
3.39 
0.0 
0 .0 
- 3 . 0 
- 3 .3 
• 3 .3 
0 .0 
• 3.3 
0 .0 
« 4 . 3 
•• 3*3 
0 .0 
•• 3 .3 
0*0 
• 3*3 
0 ,0 
0 . 0 
0 .0 
0 . 0 
•• 3*9 
•• 3.0 
- e.6 
0*0 
0*0 
••1.9 
0 . 0 
• e.o 
49330 • 3990 
13800 • 200 
39S00 • 200 
13900 • 1900 
2S000 • 3000 
Tamo *> IV (coiitd.) 
^^  *»»*# '^ * 
Sabstanoo 
Aaofint Aacmat 
talcaiii foaod 
£10tor absorptivity 
S ^ " ' a tor ««»«-» o«-» 
Dli!i?>aylc(ala0 
fiajititt^laadLiie 
oaplitlsylnttliie 
fisrt»ltiirte Aeld 
2*93 
3,00 
6*03 
1.00 
2* 2d 
3,4d 
3,90 
5«90 
9 ,00 
4»50 
iO,O0 
10,00 
9,00 
4 ,00 
3, to 
3,20 
30,00 
0 ,40 
0,80 
1,40 
1,00 
1,20 
1,80 
3.00 
9 ,00 
1.90 
3.10 
3,10 
3.60 
S,SO 
3,90 
4 ,00 
10,90 
16,00 
T,30 
4 ,00 
3,90 
3,10 
30,00 
0,40 
0,93 
1,43 
0,99 
1*31 
•10 .0 
0 ,0 
0 ,0 
- 0 .3 
•• 4 ,3 
• 3,0 
• 4 ,0 
0 ,0 
- 1.1 
0 ,0 
• 3 ,0 
0 ,0 
m, 3,3 
0 , 0 
• T,4 
- 3 ,1 
0 ,0 
0 , 0 
• 3,3 
• 3 .1 
- 1.0 
• 0 ,8 
17900 • 
17300 • 
0330 • 
43230 • 
300 
300 
33a 
17@S 
f a»l« - IV (Cootd.) 
<m 3!^ m 
^l^staaee 
Mount 
takes 
4aimBt 
fonad 
fniober&ltarie Aoia 
tfi<!o?83fl aeetfttft 
0*40 
0,80 
1*20 
i . 4 0 
t»tK) 
10*00 
30,00 
23*00 
15,00 
0*40 
0,80 
t.ie 
1*41 
UQ2 
10,20 
30,30 
39*00 
13,00 
0*0 
0*0 
•• i3,3 
« 0 ,7 
• 1 .1 
¥ 2*0 
4' 1*9 
0 ,0 
• 0 .6 
49190 • 0390 
a* 
0310 • 914 
• 30 • 
Tebloii (II«>IV) 8&o« that p«U.l€s oaa t>a tiseO for the 
dateetioa and detoi^doatloa of mmiirmis oltrogoa oontalsilag 
ooariosiMs* i!^  tHo in tea^l t f of tbe oolor dopeads oa t iae , 
teaj^sratnre i^^ tn© aotd ooooeotratloop tuo (paatitatl^ro deter* 
atinatioa lias l»eeis oarriod oat ctador iq^ t^lioaa oeatiitioas tfesoritiod 
In tUB proeedtiro* 
Hin ia€»£i{mlsQi of ttte foraiatloa of t£ie oolored ^rotlaot 
me^ h& tentt&Himly postalatod oa followat 
( I ) ^ t h i>rt«ary aataeat 
Ki«ca«cii«ici • j i * - - ^ (oag)^^-^^ \-Uii«csi-Gii«t>ii 
I f the ttnekared patr ea tlie altrogea of E-llS» l a protoaatedi i t 
ewuot tkea a t tMk tHa earbea of the earboai^l group* Oa ttae otHor 
HMdt pratoaattoa of tlie oarbaayl group sbonta eaUaaoe i t a 
reaettvlty tamurd iMtolaaphiUo ogeaCa* flia favourable eoantaatloa 
Of raaatfoits l a tliea aa aiiava tielav. 
• 31 • 
^^a^a^A )M5^ a^-<miioa • i!rojU~^ (<3^3)aS-( / 
««a* 
OB 
mn 
\ OH 
ft 
3 t n 
| t t i lg/g.T|« 
{013)5^. 
/ / ^ 
I 
Colored {irodtsit 
( t i ) \^ith fiooonaary tBataeJit fli© 9&etm&ary arosaatio asaia«8 
ta t!iQ pres«iie« of «ioi<! roaot iritli p«<UiiQt!i^tflniaooiaaiiaiaite^4te 
mk€ lo«« ono ifittor lioleoiale* 
/ ^ ^ 
/ / \ \ I • -^ iaO 
a 
I 
I 
a 
im^)jMm( >«ica • <ai • 0 - » (S%^a 
o«tor«d piHNhiot 
• 32 • 
ttio «ol«r(»ll pro<l«Qlt of ptXmmrf mA ••eoailary aro«ati« cuidites 
ftir« iid«or1i«d on tti« eat ton •xoiiffiEige »«»ia ( i a u"^  for«)« I t shom 
ttint ttiii ofOlofiHt pre^sdta H^ tr® a positive oberge. 
.4!>sor{ittoa nasiaa of eoloro<! soleootes «!epoii<3 oa tUe adtaro 
Of ohroaoptiores nad their positioa* fho eecittecioe for ohroaopnorio 
poller of soeK> groups is tHe followiagi 
0 « 0 < C « ! l < l c « O < ^ ! J « f J <^C m 'J <^J 
^lEOohroiMe nffieetf M^t ^^^9 ^^ ^^ <^ % ^^oo eoatrilmte to t!ie 
ootorias po«er of a ottroaoptiore* Hydrogen boataiaj* polor iaabi l i ty 
m^ sterio offeots iafloeaee ttie reeoaaaoe eoergy aad t^ereforof 
t^er also affeet t!ie aDtoi^tioa epeetra of oolorod raoteotttos* 
Ttiote faotore reaHilr explain t&o etieorptioo aaxiao of tim aoi i i f f 's 
bfiee of |»«*difliethytiiHiaooiaaeaiaiael^ae as ^ma i a f a b l e I I * 
miie 3oaiff*.9 base of ttLiobarbittulo aoid abeortm at 600 aa 
(^ig« i ) nitile the So&iff*e base of barbiturio aoid at 570 aat 
beenave C«3 group bae a wiob bigber obrooopborio power tbaa U«o, 
Ta p-4iltreaaitiaet tbe ooajagatioa is noro exteaded tbaa aa i l i ae , 
tbfi eeporatioa of ebarge ie greater aad «o tbe vaire leagtb of tbe 
ebeerbed U«bt I e laager* M i U a e t p->toluidiaet o^tolaidiae aad 
eblerofmlliae binre the »»mm A aax^ beeaaee --Ol^ i e a wA eleotroa 
deaatiag groap end ebleriae ie a weak eleetroa eitbdriwia^ graap* 
fa Ogpf end w-pbDarleaediaaiae tbe A aax i e bi^beet i a p«|ibeayleae« 
dieaiaet beoaane tbe ^m.^ g^Mp ie i a p<^eeitioa« Ortbo eobetitaeat 
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do«» not i^prvetably affoot A max liat Mariettaly dtereases ttie 
biuKS tat ta i i t t r * TbQ Sehiff** ba«« of M«pb«qirt*i«o4H>bt)iyiaalii« 
fifid !f<-{i1i0fl9rl«3«4iii|l!ttta3rtaaliiis absorb at SS40 on wbllo tbe iJobiff * • 
boi$a of dtf>boQ3rl»8^ai9 at $30 tm* As Qoajagatioa extends tbe 
vinrotoa.itli of tba absorption band tnoroaaos, ««g« vboa bongeno 
riags aro roplecod by annlithnlaae, oooja^ation ts e3rtoi»3ed* 
p-Qlttetbrlasaliiobenaaiaati^die bas boon ose<i Sor tbo doteotioa 
of aataes* The ortT.in^l proooflaro baa been deserib®d i a F@i^l*$ 
boolECa0)« A titodtfloa prooodtiro baa becoi reported by <^re9lil at f t . t i j 
fba prentmt proeadnre ia flwro aenaitlva tban tbo ofurller onea* 
fitaa tbo t t o i t of idoatl f ioat ion of difibaarloia&tto ta tbo tbroo 
proooduras ta 0»00» 0.23 and 0«03;tjig roapeotivoly. I t i s oloar 
that tba p r a a ^ t prooedare la aoro saoaittvo* I t aaooa p-l>aa 
la a battar raagant tbaa p«D^» fbo long oonjugatod oarbon obain 
in a-dlttatbylaaiaooinaaciatdat^da («CU « CII -• CHO} oogr bo roapoasible 
for aabftaoiaf tha soaslt iv i t r i ,a« a long oonjugated obain oanaad 
tbo dtapaaing of ootor« 
Uma^ proeadnraa for tbo ooloriaotrio doterainatlon of 
aAlaaa bava baaa diienaaad in tba Utaratara* A ra lat ivaly oora 
aaaaitiva natbod baa baan pnblisbad raoaatty(a7) by J«P, tiawat. 
I t la olaar froa tba data tbat tDe prement prooadora ia evan 
itara aanattlTa* 
•» S3 *» 
Siib«titiie« 
Coaoontratioii rfiugo p^g/wA 
mimmmmmmmmmummmmmmmmmmmmmmmmmmmmmmmmmmKmmammmmimmmmmimmmmm 
i>roe«diire l?rtiio«<ltir0 i^rooe<ltire 
(4) Ca?) 
m^plieagrt ciiseiSI owl Q9 
Otplieiiyleiata® 
fl-plie!S3rl«*t-ai^fiitfeylii^ii0 
ta«ao0 
••» 
iO-'lOO 
1»30 
0,@«3«0 
• 
2-30 
«» 
-
• 
3<>-40d 
2-430 
0*400 
. 
mt 
||«400 
a«4oo 
3«4CI9 
S-400 
3«4CI0 
0«d-3«0 
3 -30 
o*2-a«o 
0«2-3 .a 
OtS-SlAO 
1 • i O 
t -10 
a«2«*3«3 
t «»10 
t *»io 
l ^ r t t i e r llawat*s {»jr90«d[tir@ does not d ts t ing i i la l i betv^ea 
a l tp l i i t t io iMlft««9 p r i i i « r r «ro«iittOt a^ooiuferir and t e r t i a r y 
aroaatlG aaliiod* Our proiMidwa f a «or« aalaet iva «a a l i pha t l o 
aaia»» ma t a r t t a r y aramttto a«tnaa 4o not gtva oajr ao lor v i t t i 
m m ^ 
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fftiaorons mitHoas are urnl ladle for the speotropiiotoaetrie 
dotermiiiatioii of ald@ti7de»(l«6), fiasHai's settiod i s oot appliooblo 
to oHnllroiieiisaldel^dOi a«oitr<^eii8al<leti]r<Ie and p->oitrot»aiia&ldft!iyile 
and If omnot t}6 ixaea for ttio sioalteacoas doterminntioa of t«o 
aldotKjrdas wi i t glvaa t&o saaw yellov color «it& al l caaeliyrdes* 
Sittilartr the aotHods propoaod tiy Sblgniew at al«(2) and 
laohatova at al*(3) are not aoitidOle for tlie aioaltoneous deter* 
^aatioa of t«o aldetigrdea* la addition 2liignie«r*e netbod do<^ o 
not appear to be aooarate aa ttie error i s aboat 10^ Our earlier 
etttdiea(4«d> alioved that dipbetiKlaaine oan be oaed for tlM» deteetion 
and deterainatioa of aoae aldebydee* We tiave now be able to 
aodifir tble iMitbod ao ttiat i t eaa be implied to aoat arimatio 
aldabfdea* Tbne i t eonatitntee a general eietbod for tbe deter-
niaatioa at aldeti^des* In addition no Iiava also deiBonstrated 
ita nee for tbe aiimltaaeoaa deteraiaation of a few palra of 
atdebrdoe* 
l>it9tMi«trle •ftii4l«« at oottttant t«i^i9r«tttr«* 
JSjUSgrlll ^ t r»ag«iit* «»r» of naalytioat grcido* 
^0tett»it Qf <ltttli#iiyliiwt UO$ (wM •olutioii of fUpbonrlaBioo 
In otliaitol* 
f,f99^n m ^iff^fffff i^ » 
9^4?tt^Hyl^««tiioeiiMmimld»»yao ( O ^ A O I fo tHe solution ooataialog 
Ct«»|0;tif) of |i-£lilJC in Mot^enotf oro a44o4l d«a ml Id 0CI ana 
3*0 Ml of 0*3^ aif^enartaMliio oolaUon* ftio irottiao to sio<le opto 
to «1 witli aotliaBOl* 1^0 nftaorto i^ieo of Um rooolUiis rod ooloUoa 
to soooorod ftt m^C in ft i on ouvot iit 930 im ogatiiot a lilaatiy 
prvpw^A to tiio oiMo war at tiw 0100 ttao ottli tbo oo^plo oolauoo* 
Tko oolor ^oooaoo otaUlo vttHia 30 atoatoa m4 roaotao otablo 
for aMot too iMMiro* 
f t i j i l f f^y^t * ^» »^ « wiottott ooatalatiig (8-ta m> «« 
boaial«ofeir#» ta otHaaolf aro addotf 9 »1 of ooooootratod Hydro-
otilorto aatd i M t a l of t i dl^lioajrloatao oolottoa* Tbo vottiao 
• 40 • 
19 M«« npt* to • ! nitl i • t l ia io l * TlM alxti ir* f h%mUA at 68^0 
for kmlt m hmtr i n tii« t1i«nM«t«t* Aft«r eo«l&agy tti« aJbaorbaao^ 
• f I6« r « m l t | a s yollov eolor i » atavar^d * t 440 a«, Tli« oolor 
r««at«s •t«l>l» for id»«iit wio boor* 
»i»ifitr<»«a«aldolir4ot to the ooUtloB ootttaiBiag (4-aO ag) of 
o<4iitroMitsaI«oliyao In otHmioty aro atftfod 3 a l of ooaoonfratod 
bjrdroelilorio aoid ead t «1 of t% dlpbeaf laatno totottoa* Ttio 
iroloae to nado «pto to «1 wttli othaiiol, Tito atartaro l a tioatod 
at fS^O for oao hmr l a a tlioraoatat* Aftor oooUng tbo alxtarof 
tho aboorliaiioo of tlie reoolttog blot oh groea oolor to aoasarod 
at 660 DM* fho oolor romatoa otatilo for dooat oao oaok. 
<rtio oaao prooodaro to adopted for t ^ deteralaattoa of 
a«attr^eAsaldoliirdot p'-ottroboasaldetiyde ctad p«oliloroiieaaaldelirdo» 
(0«6«<«*0 ag) of tko aaapto la takea aad tbo aHaorbaaeo la aaaaarod 
at 660 aa for aota aad para at trobooaaldoliydo aad at 640 iw for 
p«oliloro»eaaaldolurdo« 
f y flW^^f^ffS>« f t l f r i t« l» ! |o^ i 
ii>lllaot»ytaala<»oa«aldahrdo In^m) and a^laothylaalao> 
<|^iimaaalftl|ydf (f*ll4t;it 
A S«8 a l aotkflnollo aolatlon of tbo alxtaro ooatalalag 
(ao«liO>ag) of P-04C aad (3,S«I8 ag} of p«!»itB l a poured la to a 
10 a l ataadard f laak, i a l of oonooatrated liydroolilono aold 
and 0«S a l of 1^ dlpHenrlaalaa aolutloa aro added al t i i ooaataat 
- 4t • 
•tialclag* 1%o oolor II«OIMI»« atatolo viili l i i 30 attantes mid rea&taa 
•t&l»t« for etoont two ii«itrt« The ooaetairaUon of tlio eonponoato 
to oatoittatotf froa tii« approprlato peAr of olauttnaooao oqaattoao* 
A a a l otiiaaoUo oolatioa of tlio alxtaro ooatataliis 
(3-13 «g> of o-4i3r«ro3Qrtooasalde&yiao eoid (d-ia ag) of oMiydrojQr* 
ftoasatdo&irdo la poorod lato a iO at ateadord floaiE* 6 at of 
oooeoatrati^ &3fdroolilorto aold and I al of i:l diphearloaiBo 
aotatloa aro oddod altti ooaataat oliaKiiig* flie flaolt is aov 
Hooted for half m boar la tho tboraootat* 4ftor oooUogf tbo 
^oorboaeo to aeastirod at 44d na aad S60 aia* ftio oolor roaeios 
atablo for alioat oao hoar* 
tlie aaae iirooodaro to odoptod for-tlio oiaultaaooas 
detorataatloa of a* aad ^^Urdroumoaaaldotirdoa} o«jqrdroar<» 
boaaaldoivrdo aad boaaaldobrdo (B>| p-liydroasrlieaaaidotiydo (p«iiD) 
aad boaaaldolqrdo* 
mo follovlag paira of oqaatSoaa noro aaod for tbo 
oiaaltaaaoaa dotoraiaatioas 
for p'^m aad p«DAO 
*S30aa • 0 • 5,da» C^^^^ 
• 43 •• 
for p«il3 «aa »ii® 
for 0 @iM! 0 « ^ 
tloiui* 
8fU»ft»» ^f wfyl««gtlii %««tr«l ettnr«» for tk% «olori pro^««4 
lijr «!!• r««i i i«t «f ^lylMirtMittt* vttb p^'OMf p^am am€ A vlxtiir* 
• f tw» «ld«lqr4«s ar* SIUHMI In figvr* a* ai««rt3P« on* wtfrolMMItti 
f«r «t«««rMMt l» tt« ttMittARooiis fi»t*n^»«ttoii ! • 830 iMp 
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mmw tft» riitio •€ iihtorpUflitiM of 9«4»A0 ioid p«OJiB is mmAwamm 
flw «l«lflita idisaffftlvt^ ratio oeomro of 400 iui| fent tliio wftvo 
lottgtn to oa A •toot pt^t of tlio t * ^ ^ oarro liioro oiir orror in 
tlio ootti i^ «bo ««roI»8fitli of tiNi iaotraisost «9ald ^e oli^fiifioiatl* 
fhoroforot tlto i»«roloagtte at 43S i » mem oliooott. Spootrai oorveo 
tw tlio eoloro firo^eofl dy t ^ roaotiim of ili|iliei^l«niao oitl^ 
o«iSra» »4B m& a aiirtoro of too aliSoti^ rdioo aro ofeo«i i a f i#iro 3« 
THo iAooi^finoo tioasfureaftat for tlio oianltoiiooao dotomioatioa 
ipao ttiio at 440 aa eoA mo tm i ^ r o tile ratio of idioorptiri tioo 
of tlio too al^tar^o to sktaiona em<i aaxtaaa roof^oetivolr* tHo 
•fioetra of ttM o * ^ aa^ p«ei ooloroS prodoeta aro otailari tlio 
ofioatra of tii@ eolored ^rotiaet of ^eaaaldoiKr% on^ »*03 also 
rooo^to oaoli otlior ^ i tboroforo aisAlar roaarka oppir to ^loa* 
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In t l i«M 4«t«rala«t&mi« M t U o M i ^ t «iitUii«f nitrob«M«ii« 
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fhe t9tl9mtng tulistwie** guv* no color en liofttiag vltt i a 
•olntton of dipli«ii|rl«Mtao l a tiio proooaoo of ^droohlorfte Mldt 
mrdgooitmoao amd tiiotr atrtyaUvoot Bossaaoi tirottol>«o«oii«, 
altrolioaioRef oarboa totraolitor|<!o» otilorofora, eyeloh9MtmB 
mia tolactao. 
Allntiatto aataratod aad aaaJ^tttrato4 ataoHydoat Fomaldobs^do, 
flootaldotigrdoy orotoaaldo^rdo ead eJiloral l^drato* 
i^atoaaat Aeot<»ef otlirl««tti3rt ketoaof oyoIoHexaaaaet aetti$rl 
Isoliatrl kotoaop di«^9o!iatrl ketoao» liQaaoplieaoaet aootoptioiioao 
aai! btoal l * 
Atooholat ^othfty ot l^ l f a^propjrlf ioopropyly a«-l>afyl» 
iaoliatylt I toaar t i fort<»a^flt gisreerol aad ottqrleae i l j rool , 
Aotdat AootiOf beaaoiOf fonito» propioaio* oxalio» oalpbaatlio 
aart tartar lo* 
^<toat ror«aa|«o» oliloral foraaaidot oootealdo* koaaaaiaoy 
B«bat3rr«atdat proploaaalflot axaaldo aaa aloottaaaldo* 
«» 5 4 «» 
Miiiiai «inio«tli«iel«*» tflatHonoI* ma tri»tiiaaal«uilaei • tbylena-
dtwaftttot {inilln«, di«t!ii]rl«alUii«» 0«fittro«iitUti«t B^altroaiitUitei 
p«iiltr»aiilliai^t liesisidiiiet ^ ta la ld iae^ t«aa|)htf[Qflaa|»et 
3tiAl>lit!i)rtaHlfio «md o«|»6«tirl«ii«diealae. 
oxiiiitltd# nod t>ik@ijgr|«ir«a* 
f.ttiarat Aiiisole« <Iio««ne» «tliar» ai»3 pi i i t roanlsole* 
f t l t r i leat o«iisoiiltrit«t otiloroaoatcmitrftlo ana eyimo noetic aoid« 
^ftdirai ' le t l^ l met&te$ owttisrl bensoatet beaasyt boneoatot 
di«ttt|rt taatoftatfs (m& ii*tril»cit|r|pbospiiiate« 
ryataraoyettc tmaaat t*s^rtdliie mA pIpariaiiM)* 
Varloiia earlK^dratas gara atiaraoterlatio oolara «b«a 
th^r «ei^ tiaatad with 4iph©nylmAn& im t&e preBeaoe of feirdfooblorlo 
aalii* Saor«a«« raffiaaaat gliioosai fruoteaat Mataaitota, ttanaoaa 
Wilt aallabtaae gtef9 lilua aolora^ alioreaa arei&laaaa and xflosa 
Hava r«ttaw eolarat an^ rHasaaaa ^ orange oolor* 
• 59 • 
maaasaim 
Tbe ••thod (S««ertlied tiore ajipdars to be utefal for tbo 
tfotondaation of tabstitotod and tinouboUtittod aroaatio aldobydoa* 
In oor earllor stadftea preoipfttatea vara obtainad wltb a-iiitro* 
b«BS8lda!Qr<N> and o«oltr(Hiaasaldabydat oblorobenialdebyda and 
baaialdobjrda w^r^ not atadiad* fhls la a aariooa Uaitatlon 
baoRBsa QfaabaA'a aetbod also doaa not raport tbe dataraiaatloa 
o«ol trobensaldalQrda» aiiitrobensaldabydet p-oitr^aasaldabjrda 
and ebtorobansaldal^de* All tbaaa aldabrdea oan ba aaa&ly 
datamSnod using tba praaeot aatbod, 
Tba «fob*a ^tbod of oonttnnoaa variation sboirad that 
p«|}^9 p«|}AO emS benaoldahsrda raaot aitb dlpbaiqrlaaina in tbo 
aola ratio of i t l (fig* 4)« {]owaver» tba colored prodaot of 
p«4)AB and p-DjiO vitb dipbaaylaaiaa ia adaorbad on tba oation 
axabanga raaia baada irtiila tba oolor isltb bansaldabyda ia not 
adaorbad, Tba paradiaatbjrlaaiao group aakaa i t poaaible for tba 
addttot to aaaoaaodata a poaitiva obarga baaoa tba addoots obtainad 
wltb p«D4ll and p-DAC adaorbad. bf tba aatioa axobaaga resin baada* 
Tba follaviag aaabaaiaa(«) was prapaaad for tba raaotion of p-O^ 
vitb dipbaarlaaiaa ia tba aolid atata* 
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FIG. 4 A PLOT OF ABSORBANCE VERSUS 
MOLE FRACTION 
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3* 0* {^ Htgatev ASd 111, realm, Ctitaia ani l l t , , tS(Sj^ idi3<^0 (l9Ta|. 
9* M,r« S«(»&«l«vat V.V, SoaloiPt and V. SrostaleTa, E»i»lioli» 
4. »• Qiir«»tii aaa 3,3* Qiir««£it, ^a l* Gten,, j s , iose (ideo). ' 
3« M. Qiir««tit| S.ir. Qiir«9iiif mA 3.0* etnghali Mai* Oiii«« 
6« It* q«r««tiiy S*t« Qiir«»ti|| S«3* Uattmrmt imiS A* '^ obdl», 
J, Flora, cues** J|» i i9 {idfUK 
mmnn mwmMmma mTmrniuAnoH 
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«t8iiaiu!il4e^d# {|»«4}A0> are ttstful reogciitt la otgaale dolori-
•etrte aai«lr»is( t ) miA in oltnteal oluialfltrKd)* Prtmmr 
fO'OwitlQ «nlii«» tinr* li««ii trei|ti»iilly 40Ur«tii9d vltti tli9t« 
r«6g«iit»(9«4)» Wft li«f» cbttwits) timt p«S>A3 is not •oliafble 
f«r tli9 4mt9wmlnaUmk 9t Atphmiyltmitw (Of*A) AS tte tnit i i i t 
r*tl»ir eolor I * iiii»t^l# m& •l««ly turns gr*«ii« ili#ii p-«0Ai) t« 
roptMsd Ity p^m t^o X mw ctelftft tovard* loi^or war«l«ctgtb(t) 
«iiis tuo itttMiat^ of tti« oolivr «l«o tooroest* a» tlie oturosiiogaii 
HM now « l«af»r aHatti teat«a«ii rasaiifliioa t«ratnals« fbe ttatar* 
flitnattoa of WA oltii p«>0A0 i« «oaoiUvo» aoloolivo aad ropro«» 
doat^loCs)* Attoiipla to dtotoralao ^jrrrolo (Pr) md i to 4ort¥atlvoa 
Willi p«l»A» woro not saaaoaafal booaato ttio oolor foAts quioiilr 
end p'^m eeii be «ie4 aalf for tlie deteetlea of thoee 99mpmn^iz)» 
ffe liiife tlierefiiro tried to etadr tbe reaotlon of p<4iAC vlt i i WA^ 
WT aiMi tatfole ( In) and llie ftlaetto aotliod ham been seed etwoeee-
f a l l r far tbeir 4eteiialaatloii« A aieehanlea for ttie reaotlea of 
poOAC vlt i i DTAf Fjr flttd la liao iMon propoaetf* 
• ftt • 
«B4 tito Pl«li«r 8«lii0tifi« Thtramitat «ir« at«<l for •9«otr«^feioi»« 
Mi tn« kls«tt« 9%iiH»9 « l #«iitt«it t««p«r«tar«» fUt eorcl iMit 
I oa ptttn l«»g^, 
SWOBM* ^^^ «htAle«l« «*r« •tt lMr e* Mttok or a*0«tt* iU»laa. 
pmSiAQ mm »•&»!{« tiAoratOffr grado* Tli« f^vtir Sdv^is rttstii iNiada 
to tfto fi^ f«rs ««r« ii««<l« 
ItPWilf tfy^f<'«ff» aotHttioUo sdlttUoii of t>^^» ®PA, PTt 
In una not ««ro WOA* if«tlift»ol wm vm9& to ooko up tbe voliiao 
iriboBoror noBoooorr* 
^pootrat o^afo(|t fho waroUagtti aaadaa at 530 a«t OdO aa 
aa« 610 iw far tlia oolarad |ir«ait«ta of p^m vttii WA^ tf mA 
fa roapootliroljr aro alioira in itgaro 8* IHo lAaorteanoo of t&o 
ool«ro« fradaet of p^m v l tn 0»A« f r ff»l In «aa aoaaorad at 
tlM A aaxlaa rotpaotlvatjr* 
Mf l i r t iH f f^ i t l W » ^ oaloolata tHo trao ordor, a(a>oor4ias 
to t«atortC«) tho trao orior ta 4oflao<l aa tbo orter vit i i roapoet 
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Wave length (nm ) 
SPECTRA OF THE COLORED PRODUCTS OF 
p-DAC WITH OPA, Py AND In AFTER ONE 
HOUR OF MIXING AT 2 5 ° C 
l» ««Mtiitriitimi)t »mA tte rftt« <Miii«t«iit» le t^ vltb r««p««t to 
tk* ••ntciitralloB «r a yartlMlftr reaotMt ofinAilM ( I ) wtm 
«li«r« IT is tli« iBit ift l r«t« 9f roMtloot k | aisA a aro ilefiiMid 
mhw m& C ! • tte 09B««Btratt«B of tiie roootont ooiieoraod« 
flio roootloii mm «a4o ^Mii4o«jrirot«wder hf takiog oao toogaat 
ttt m omltor Mmmt thoo t&o otlMir t«o» ftaio ia eao oaoo 0*3 s i 
of 9 » 1 9 * ^ la imo iilsod «ttti 3 • ! of iO**^ p^m mA i at of 
m not* fiio irotaat « • • mm$» m t^o to « l ulta atlHaaoI* Tlio 
httmM ««» pr«i^aro« i y oi^ttiaK I» ^ o * *>>• ^ M ^ oolutloa. f te 
lilolo of atisofliflnoo ( A ) voroas tiao aero aaa@* Tito ol^po " " j | 
at tlio IMflaaias of tlui roaotioa la oaoli oaao was t^coa ot t&o 
ta t t i a l rata if) oaitva^oadiag to tiio partioalar ooaoootratlMt* 
Tfto valao of a aatf U^ VMTO obtaiaoa troa tiio ploto of logaritiaao 
of tliooo ratoa (tog ?) voraao togaritaas of tao oorroapoadiag 
iot t tat ooaooatrattoa of tHo roaateat ooaooraod* fbo rooalto 
00 olitalaotf aro giroa la ftgaro « aad TaHto XI I * 
l i f f i r t l f f^ l f f * * * • •»«pWoal piNNiodaro Haa booa aao4 ta 
atiior to oatoalalo tlio orior of Iko roaotioa aad tiM rata ooaataat 
ti|« Tteo roaotioa to aoAo pooado«»flrat««rtfor aa aftova aa4 ofoatioa 
(8) is aso« to oaloalato tiM ia ta 
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"ifO 
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FIG. 6 PLOTS OF THE LOGARITHMS OF 
OF THE INITIAL SLOPES VERSUS 
THE LOGARITHMS OF THE CORRESPONDING 
INITIAL CONCENTRATION OF ln,p-DAC 
AND HCI AT 25°C 
iA«r« Aoo «t^ i^ l ««*• tii« i^«ni«i0«« of in * tolat Ion mt 
•fitlllfcfliNi MMI * l • ^«rtl«ttl<ir t i«« I* ^i» emirs* of tftw 
ro4»tio» to folloiiotf frr «Aio«ryitis tHo «ii«ortoo»«o <A> ot var&ono 
tlii9 tfit«fV«Io» mmm A ^ooeaoo mmdmrn i t to itiioii «i Ao<7 i M I « 
nt mast givoa tliioy t^ t i to tolBiit «• 4i|« ^lo r«t»Ho «ro otiiwa 
i a flfttro t wA fg^lo HIS* 
le^iioltc eotof^aotyri fbo eoaooatral&oii of iii« siaslo roooiivo 
«p«ele« oMi ^ di»tor»l»od froii tfiie tolU&l vato l « i ( f ) in oilhor 
aif forwi^ftl OP ttttogriiS fnr«* Ooto o^mtion (a) tioo ^m mod 
tog V m lot kg 1" n tog Ct (3) 
«li9ro ^f t^ oii^ o «r« ^l^so^ ao a&ovo m& 0 tii ttio ooui^iiiratioii 
of tho ipooloo wHioft luui to ^ Ootofiaiiiotf ^^atttotlvolr* Xo 
tttto oftso oloo t^o r«ooti<Ri lo mNio 9ioii4o«»ftfot««rdor by tafcCos 
••ftttor <Hid«ito «r STA (|0«4O pptk} m wr (ta«4d p a^^  or x« (to^sa ppml 
OttS tm oMooo of 9«Si<i6 md iOt* flio total irolaao of tte toat 
aolatlott or tuo hlaam mm to a t . fHo ptol of tog V voraoa I« i c 
9M aaoi at a oall irattaa oarvo for tfotofataatioa pai^oooa* 
f i f^ f f l l f i f f W,, i f f l l>ff« **^»a ! • (<>•»* ••^•^ »« f-®A*2 vaa 
moaolvoi la a atsiaro of kol attlMaot aad l«T ga (o«at aolol of 
•o€ a^ooao poffoHlorlo a»l«» fiila gavo ootattoa ( i ) * l*d<l3 ga 
mM, (0*91 aoto) aao tHoa gta«otvo4 la id at of luit aotiwaot to 
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'Its. 7 PLOTS Of LOG A o o / A o o - A t VERSUS TIME 
FOR OPA,^-DAC llNO HCl REACTION AT 2 5*^ 0 
« ! • • • • iQ t im (a)« SolnttMW (!)«»« (31 ««r« tlMm «la»«* 
Oryvtiilllsattwi •etniyr^tf vitHIa 30 »iii»t9» m% romn lMi|^riitiir« 
(as*6> gl^rtus 4«tf» r«a ef7«tftl« vltft « gr««ai»ti ««tttll&o liittttrt 
ro ls«tiit« tue r«««tt<Hi prodiiot of tfi««u tim •olttttoo <if 
p'iim mm pr9pmit«i m mmUm*^ 9»9w* utti § • In (o«ai aou) 
v«s 4t«a<itv«d la iO «1 of tiot ««llbMi»l to glv« •olutlaii <§)• 
^0t«ti<iii9 ( i ) «ii^ 0 > wtro tlwa ii l iad. Xaaodiataljr a bina 
praatpltata aaa faivad, fba praatpttala vaa ftltaratf aafl watlit<l 
aaaaaaalvalr «it l i «ath«aal» prapaaal aad atHor* fte pradaoi did 
aal M»tt mpt» 910^0. 
tHa mmm pvoaadwo waa fattawad tor forrrola* Xo tlila 
oMe a tilaoli praelplfata wm foraod end tua firadaat did not 
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fli« fr«««at Mhva* I I M hm*m pn^m^^ «aly for ^ipbtarliaiM aws 
• ts l lar tetitMMi «r« |i««ttil«t«d for ta^olo oatf prrr«to« 
Eirldoaoo ipill BOir l»o protoatod for tbo olievo aoonanftoa 
liiMttf «|iMi ( t ) Aanlyolo of tlio rooatton proditoit ( i t ) Ift otodloOf 
( t i t ) mu otodtoot ( tv) Ktaotte otaatooy (v) tttoraturo support 
«»4 otreomlanttftl «rttiteiio«« 
Aaolrato of tho roaettoa orodiioti fiio Iteep ro^ erf«t6ts o&tstacsd 
hf tfto roMttoQ of p^m with m& g&fm c 66«3i, s e»3^ » a S.TT^ 
«s ooi^ >or@tf to tbe oeloolfttod iralaoo for ^2:^2$^*f^^4^ ^ 04»7S:*9 
n 9*49% oaa H d«941$» fh9 tn^ole prodoot of p^Mi gave on imalrsts 
0 8$«oa% n 9*f4# isi<l ?l 6*89^ m ooa^erod to tbo oalonlotoa values 
Of C ^0»m% n 3.fSf and » f•4f^ for Og^^^^^ClQ^. THo pyrrole 
profhiet ««• leas eattafaotorr* I t garo 0 «*-^ 9i*t0^, a «« . 8«a9^ 
H mmm ••ot'f a« oevpared to tba ealoatated valoea for a^^a^^ f^^ OlU^ 
of n ««-» SS.4Ti, H «-« 9•341ft aod N 8 .6^ file oaaatlafootory result 
for prirrole M r ^ iaa to tta polyaoriaettoa tiovever tbe aaoljrttoal 
deta latftoate a t i t atotolitoaetrsr. 
11 stadleat tke 1% ataataa aHov tHat tbe reaotioa prodoot doea 
aot Hare paaka at 1810 aa*^ aa4 3370 o«~^ vhteli are aaaooiatea eitti 
the «CHO groap of tke al4eaqr«e aad the ««9ia grottp of the aaiae 
ehovloi t ra l f that theae greope take p«irt ta the reaetion. 
• t3 • 
ifMH •ti»at««t asm •9«otr« Hero taicoa in O&Ql^  sfttorAt^d with 
mi « f t«r ttladttg t]|« •«littioa 9t ]>«>0A0 oatf Of^ A to tHiv r««s«iif * 
TiM lilR ApMtra «*r» fakttn at ragalar in tarvoU* I t was fonaii 
tliat tlia m p«alE ( ^ « 9«a) •«at«ii at tar tialf an Hour ana tha ""Cao 
jpaalE ( 8m 9*9) «lMlatatia<l toot ata aot vaniali as t te al^eiirde ««• 
l a axeaat* 
ygtaatio atttdta^ I t folloiia tr&m the aaoHaaisa af ttie reaotioa 
that tha raaotiaf apaolaa ara &?A and p'4iMSl^m Aod tliarefora t ^ 
cAiaorliaaoa w i l l A9pm»& apoa tba ^rodtiot of tbe aoaoaatratlooa of 
tha two raaeting i^aoioa* At low JT^'^KJ^ ^^*f ooaoaatrat&oa of 
tha protoaatad aldalorilto w&II he very low aai! at high f'wilj the 
ooRoantrotioa of Wh w i l l ha wary eaal l* ffaarafora a {ilot of A 
vaimaa log !l€l ahoold ohow a aaxl«ta «• i t aotaally aoaa figara 8* 
la ordar to f lod oat whathar tha ia tagral aathod la 
i^pltaohla at a l l C^J A varaua t iaa oarraa wara ohtaiaaa at 
dlf faraat C^Xj flgora • • I t waa ohaarrad that at low i f u o i ^ 
a a t i^ la A 
<;;>o oooltf ha ohtaiaad la a l l oaaaa hot io tha oaaa of 
l a aaa 1 ^ I t waa tlaahtfai whathar a atahia A o ^ aajr ha ohtaiaad 
mr aot* llaaoa tha tflffaroatlal aathoi waa followotf for l a aad 
ry whila tha latagral aathod waa iiaad with Wh^ fha iotagral 
aathod waa followad apto 99:$ of tha a ^ i l l h r i o a aoaworaioa. rarthar 
aapariaaatal wark ahowad that tha ordara with raapaot to tt^« DfA, 
*r% ta aad p«-D%C wara tha oaaa whathar tha di f faraat ia l or tha 
tatagral aothad waa followadt Thla ahowa that tha Ao£7 wara aot 
aa aarallahia for tf aad l a aa wa had thoaght aar l iar* 
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mm tn* «tf f«r«tttl«t »itiM«« nwwmmt i t aar • * ! !»• «••« i t i t 
i t f••r«d ttMt A c^ •ftlii«» w ttiitlitola* ta aaali a «aaa «ifftrmi* 
t iat MttiaA i t aaai* fliia mitnatf i t ataa ia t«a aiaraf ( i ) A 9l«l 
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lag o - ^ vs lag 0 &tw9 tfew artfor «it& raapaat ta tina* fa lunra 
fallaaat tlw twnmw sa^ad l^ aaaaaa ia tliia aaaa tlw iataraadiataa 
famatf 4a aat iataffara ta tlia dataraiaatian af tlia ar4tr« fHa 
dif faraatial artfar baa baao uaaA aalr ia tuaaa aaa^ aiiara i t ttaa 
faarad ttiat tlia A oo SKT aat aa valiai^la* 
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ia aliaaa ftjr raaaat attt«iaa(«f9»iOK I t ia tbarafora kigiilr pralMiila 
tuat p^m ia iaitialljr prataaata4 aa givaa ia tHa raaatlaii aaliMa* 
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Resin-bead spot tests for various organic functional groups have been des-
cribed [1—4]. p-Dimethylaminobenzaldehyde (p-DAB) is a useful reagent 
for the resin-bead detection of primary and secondary aromatic amines [ 5] , 
but it has not been used for spectrophotometric determinations of secondary 
aromatic amines as the initial yellow colour is unstable and slowly turns 
green. p-Dimethylaminocinnamaldehyde (p-DAC) is superior to p-DAB in ' 
this respect; it gives with diphenylamine and other aromatic amines a stable 
colour which is useful for spectrophotometric determinations. 
Experimental 
Apparatus and reagents. A Bausch and Lomb Spectronic 20 (U.S.A.) 
spectrophotometer was used. 
All the reagents were of analytical grade. Stock solutions of amines were 
prepared daily by dissolving weighed amounts of the amines in ethanol. 
For quantitative work, a solution (0.1 %) of p-DAC (B.D.H., Poole, 
England) was prepared in methanol. A solution (0.1 %) of p-DAC in 1 M 
hydrochloric acid was used for detection. The resin Dowex 50W-X8 (20-50 
mesh) was used in the H'" form. 
Procedure for detection. To the test solute in ethanol (1 drop) in a micro 
test tube are added a few resin beads and one or two drops of p-DAC solution. 
For high concentrations, the colour on the resin beads appears at room tem-
perature. At low concentrations, the colour on the beads appears after heat-
ing in a boiling water bath for about 5 min. 
Determination of aniline. To 2 ml of solution containing 3—30 ;ug of ani-
line in ethanol are added 0.04 ml of 10 % hydrochloric acid and 2 ml of 0.1 % 
p-DAC solution. The volume is made up to 10 ml with conductivity water. 
The absorbance of the resulting purple solution is measured at 25 °C in a 1-cm 
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cuvette at 520 nm against a blank, prepared in the same way and at the same 
time as the sample solution. The colour becomes stable in 30 min and re-
mains stable for about one week. 
The same procedure was followed for the other compounds studied. The 
only differences involved the amount of sample taken, the quantity of acid 
added, the wavelength at which the absorbance was measured and the time 
required for the colour to stabilize. These details are given in Table 1. 
Results 
The colours are usually red to red-violet, but blue for 5-hydroxyindole-3-
acetic acid and green for thiobarbituric acid. The colours remain stable for 
about one week, but the colour with o-phenylenediamine is stable for 1 h 
only. 
The following compounds give no colour on heating with p-DAC and resin 
beads in the H^ " form. 
Hydrocarbons and their derivatives. Benzene, bromobenzene, nitrobenzene, 
chloroform and carbon tetrachloride. 
Carbohydrates. Glucose, sucrose, fructose, xylose, lactose, trehalose, galac-
tose. 
TABLE 1 
Optimum conditions for the spectrophotometric determination of some nitrogen-containing 
compounds with p-DAC 
Substance 
Aniline 
p-Nitroaniline 
o-Chloroaniline 
o-Phenylenediamine 
p-Phenylenediamine 
m-Phenylenediamine 
a-Naphthylamine 
(3-Naphthylamine 
o-Toluidine 
p-Toluidine 
Diphenylamine 
N-Phenyl-1-naphthylamine 
N-PhenyI-2-naphthylamine 
Barbituric Acid 
Thiobarbituric acid 
Indoxyl acetate 
Linear 
range 
/ig/lOml 
3 - 3 0 
20-200 
10-100 
10-100 
2 - 2 0 
2r-20 
10-100 
2 - 2 5 
5 -50 
5 -50 
10 -100 
10 -100 
20-250 
2 - 2 0 
2 - 2 0 
50 -250 
Volume 
of 10% 
HCl 
0.04 
0.20 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.20 
0.40 
0.40 
0.50 
0.50 
5.0 
Time of 
development 
(min) 
30 
30 
10 
10 
10 
10 
10 
10 
10 
10 
30 
30 
10 
300 
90 
120 
^max 
(nm) 
520 
560 
520 
510 
535 
530 
510 
530 
520 
520 
530 
540 
540 
570 
600 
500 
s 
0.01 
0.30 
0.02 
0.05 
0.06 
0.06 
0.19 
0.04 
0.11 
0.08 
0.19 
0.25 
0.15 
0.02 
0.22 
0.67 
e , 
( I m o l - ' c m - ' ) ! 
1 
29400 ± 800 387 4  
10700 ± 500 
12500 ± 1650J 
43650 ± 565(1 
45850 ± 2550 
15800 ± 200 
55600 ± 200 
18500 ± 1500 
28000 + 2000 
17500 ± 300 
17500± 300 
6880 ± 250 
43250 ± 1765 
49150± 9350 
6216± 914 
I 
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Ketones. Acetone, ethyl methyl ketone, cyclohexanone, methyl isobutyl 
ketone, di-isobutyl ketone, benzophenone, acetophenone. 
Acids. Acetic, benzoic, formic, propionic, oxalic, sulphuric, hydrochloric, 
tartaric, m-nitrobenzoic and o-nitrobenzoic acid. 
Ethers. Anisole, dioxane, diethyl ether and p-nitroanisole. 
Phenols. p-Nitrophenol, m-nitrophenol and phenol. 
Alcohols. Methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, isoamyl, 
t-amyl and glycerol. 
Amines. Aliphatic amines and tertiary aromatic amines. 
The limits of detection on the resin beads are: aniline, p-nitroaniline, 
o-chloroaniline, a-naphthylamine, i3-naphthylamine, indole, indoxyl acetate 
and 5-hydroxyindole-3-acetic acid, 0.10/ug mr';p-toluidine, N-phenyl-2-
naphthylamine, o-phenylenediamine, barbituric acid, and thiobarbituric acid, 
0.05 ng m r ' ; diphenylcimine and N-phenyl-1-naphthylamine, 0.02 iig ml"'; 
p- and m-phenylenediamine, 0.2 M g ml"'. 
Discussion 
The mechanism of the reaction between p-DAB and diphenylamine has 
been proposed recently [6] . A similar mechanism can also be postulated for 
p'-DAC. The detection of aromatic amines with p-DAB was described by Feigl 
[7] and Qureshi and Qureshi [5]. The procedure withp-DAC is more sensi-
tive than those proposed earlier; the limit of identification of diphenylamine 
is 0.60 [7] , 0.25 [5], and 0.02 ixg (p-DAC) respectively. 
A procedure for the colorimetry of amines published recently by Rawat 
and Singh [8] , does not distinguish between different types of amines. The 
procedure with p-DAC is more selective as aliphatic amines and tertiary aro-
matic amines do not react. 
We thank Prof. W. Rahman, Head, Department of Chemistry, Aligarh 
Muslim University, for research facilities and C.S.I.R., India, for financial 
assistance to I. A. K. 
REFERENCES 
1 M. Qureshi, S. Z. Qureshi and S. C. Singhal, Anal. Chem., 40 (1968) 1781. 
2 M. Qureshi and S. Z. Qureshi, Anal. Chim. Acta, 34 (1966) 1080. 
3 P. W. West, M. Qureshi and S. Z. Qureshi, Anal. Chim. Acta, 36 (1966) 97. 
4 M. Qureshi, S. Z. Qureshi and N. Zehra, Anal. Chim. Acta, 47 (1966) 169. 
5 M. Qureshi and S. Z. Qureshi, Anal. Chem., 38 (1966) 1956. 
6 M. Qureshi, S. Z. Qureshi, H. S. Rathore and A. Mohammad, J. Phys. Chem., 79 (1975) 
116. 
7 F. Feigl, Spot Tests in Organic Analysis, Elsevier, Amsterdam, 7th Edn., 1966 p. 243. 
8 J. P. Rawat and J. P. Singh, Anal. Chem., 47 (1975) 738. 
Fresenius Z. Anal. Chem. 289, 282-284 (1978) Fresenius Ze'rtschrift f iir 
) by Springer-Verlag 1978 
A General Method for the Spectrophotometric Determination 
of Aromatic Aldehydes 
Mohsin Qureshi and Iftekhar Ahmed Khan 
Chemistry Section, Zakir Husain Engineering College, Aligarh Muslim University, Aligarh (U.P.), India 
Allgemeines Verfahren zur spektralphotometrischen 
Bestimmung aromatischer Aldehyde 
eral and also for the simultaneous determination of some 
binary mixtures. 
Zusammenfassung. Aromatische Aldehyde und einige 
ihrer binaren Gemische konnen mit Diphenylamin in 
salzsaurer Losung spektralphotometrisch bestimmt 
werden. Fehler sind im Bereich von 6-10%. Eine groBe 
Zahl anderer organischer Verbindungen stort nicht. 
Summary. Aromatic aldehydes and some of their binary 
mixtures can be determined spectrophotometrically with 
diphenylamine in the presence of hydrochloric acid. Er-
rors are in the range of 6-10%. Various other organic 
compounds do not interfere. 
Key words: Best, von Aromat. Aldehyden mit 
Diphenylamin; Spektralphotometrie; allg. Verfahren. 
Introduction 
Numerous methods are available for the spectrophoto-
metric determination of aldehydes [1-6]. Hashmi's 
method is not applicable to o-, m-, p-nitrobenzaldehyde 
and p-chlorobenzaldehyde. It can not be used for the si-
multaneous determination of two aldehydes as it gives the 
same yellow colour with all aldehydes. Similarly, the 
methods proposed by Zbigniew et al. [6] and Kochloval 
et al. [2] are not suitable for simultaneous determination 
of two aldehydes. In addition Zbigniew's method does 
not appear to be accurate as the error is about 16%. The 
earlier studies [3-5] showed that diphenylamine can be 
used for the detection and determination of some al-
dehydes. We have now developed a method which can be 
used for the determination of aromatic aldehydes in gen-
Experimental and Results 
Apparatus. The Bausch and Lomb Spectronic 20 spectropho-
tometer and Fisher Scientific thermostat were used for spectro-
photometric studies at constant temperature. 
Reagents. All reagents were of analytical grade. 
Solution of Diphenylamine. 1.0% (w/v) solution of diphenylamine 
in ethanol. 
Procedure for Determination 
Benzaldehyde. To the solution containing (3-12 mg) of benz-
aldehyde in ethanol, are added 6 ml of cone, hydrochloric acid and 
1 ml of 1 % diphenylamine solution. The volume is made up to 10 ml 
with ethanol. The mixture is heated at 65 °C for 30 min and then 
the absorbance of the resulting yellow colour is measured at 440 nm. 
The colour remains stable for about 1 h. 
o-Nitrobenzaldehyde. To the solution containing (4-20 mg) of o-
nitrobenzaldehyde in ethanol, are added 2 ml of cone, hydrochloric 
acid and 1 ml of 1 % diphenylamine solution. The volume is made 
up to 10 ml with ethanol. The mixture is heated at 75 ° C for 1 h and 
then the absorbance of the resulting bluish green colour is measured 
at 660 nm. The colour remains stable for about ] week. 
The same procedure is adopted for the determination of m-ni-
trobenzaldehyde, p-nitrobenzaldehyde and p-chlorobenzaldehyde. 
(0.6-6.0 mg) of the sample is taken and the absorbance is measured 
at 660 nm for m- and p-nitrobenzaldehyde and at 640 nm for the 
p-chlorobenzaldehyde. 
Simultaneous Determination 
(i) o-Hydroxybenzaldehyde (o-HB) and m-Hydroxybenzaldehyde 
(m-HB). A 3 ml ethanolic solution of the mixture containing 
(3-12 rag) of o- and (3-12 mg) of m-hydroxybenzaldehyde is 
poured into a 10 ml standard flask. Six milliliter of cone, hydro-
chloric acid and 1 ml of 1 % diphenylamine solution are added 
with constant shaking. The flask is now heated at 65 °C for 
30 min and then the absorbance is measured at 440 and 560 nm. 
The colour remains stable for about 1 h. 
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iOO 440 480 520 
Wavelength (nm) 
550 600 620 
Fig.l 
Spectrum of the coloured 
product of o-hydroxy-
benzaldehyde with 
diphenylamine (i), of 
m-hydroxybenzaldehyde with 
diphenylamine (2) and of 
a mixture of both with 
diphenylamine (3) 
(u) Similarly the simultaneous determination of m- (m-HB) and 
p-hydroxybenzaldehyde (p-HB) is made The following equations 
are used 
A440 nm = 0 020 Co-HB + 0 0435 Cm-HB 
A560 nm = 0 028 Co-HB + 0 0038 Cm-HB 
A440 nm = 0 0395 Cp-HB -I- 0 0435 Cm-HB 
A560 nm = 0 0498 Cp-HB + 0 0038 Cm-HB 
- for (i) 
- for (u) 
On the basis of spectral curves shown in Figure 1 the selection 
of the wavelength used (440 and 560 nm) was made The spectra 
of the o-HB and p-HB colours are similar 
The method has also been used for the simultaneous 
determination of the following pairs of aldehydes: 
1 p-Dimethylammobenzaldehyde (p-DAB) and p-
dimethylaminocmnamaldehyde (p-DAC). 
2. Benzaldehyde and o-hydroxybenzaldehyde. 
3. Benzaldehyde and p-hydroxybenzaldehyde. 
The Arnax used were 435 nm for p-DAB, 530 nm for 
p-DAC, 440 nm for benzaldehyde, 560 nm for o-HB and 
for p-HB The amounts determined were 2.5-15 mg of 
p-DAB with 20-120 ng of p-DAC; 3-12 mg of benz-
aldehyde with 3-12 mg of o-HB and 3-12 mg of p-HB. 
The maximum error was found to be ± 6% and ±10 
for single and simultaneous determination of aldehydes, 
respectively. 
The following substance gave no colour on heating 
with a solution of diphenylamine in presence of hydro-
chloric acid: 
Hydrocarbons and Their Derivatives Benzene, bromobenzene, ni-
trobenzene, carbontetrachlonde, chloroform, cyclohexane and 
toluene. 
Aliphatic Satwated and Unsaturated Aldehydes Formaldehyde, 
acetaldehyde, crotonaldehyde and chloralhydrate 
Ketones Acetone, ethylmethylketone, cyclohexanone, methyliso-
butylketone, di-isobutylketone, benzophenone, acetophenone 
and benzil 
Alcohols Methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
isoamyl, tert-amyl, glycerol, and ethylene glycol 
Acids Acetic, benzoic, formic, propionic, oxalic, sulphanilic and 
tartaric acid 
Amides Formamide, chloral formamide, acetamide and phthali-
mide 
Aliphatic and Aromatic Amines Methyl, dimethyl and trimethyl-
amme, monoethanol-, diethanol- and tnethanolamine, ethylene-
diamine, aniline, diethylaniline, o-, m- and p-nitroaniline, ben-
zedine, p-toluidine, 1-naphthylamine, 2-naphthylamine and o-
phenylenediamine 
Anihdes Acetanilide, p-bromoacetanilide, carbonilide, oxanilide 
and phenylurea 
Ethers Anisole, dioxane, ether, and p-mtroanisole 
Nitnles Benzonitrile, chloroacetonitnle and cyanoacetic acid 
Esters Methylacetate, methylbenzoate, benzylbenzoate, diethyl-
malonate and n-tnbutylphosphate 
Phenols m-Cresol and phenol 
Heterocyclic Bases Pyridine and piperidine 
Various carbohydrates gave characteristic colours 
when they were heated with diphenylamine in presence 
of hydrochloric acid. Sucrose, raffinose, glucose, fruc-
tose, melezitose, mannose and cellobiose gave blue co-
lours, where as arabinose and xylose gave yellow colours, 
and rhamnose an orange colour. 
Discussion 
The method described here appears to be useful for the 
determination of substituted and unsubstituted aromatic 
aldehydes In our eariier studies precipitates were ob-
tained with m- and o-nitrobenzaldehyde; chlorobenzal-
dehyde and benzaldehyde were not studied. This is a 
serious limitation because Hashmi's method does not re-
port the determination of o-nitrobenzaldehyde, m-nitro-
benzaldehyde, p-nitrobenzaldehyde and chlorobenzal-
dehyde. All these aldehydes can be easily determined by 
use of the present method. 
Job's method of continuous variation showed that p-
DAB, p-DAC and benzaldehyde react with diphenyl-
amine in the mole ratio of 1:1. However, the coloured 
product of p-DAB and p-DAC with diphenylamine is 
adsorbed on the cation-exchange resin beads while the 
colour with benzaldehyde is not adsorbed. The p-di-
284 Fresenius Z. Anal. Chem., Band 289 (1978) 
methylamino group makes it possible for the adduct to 
accommodate a positive charge, hence the adducts ob-
tained with p-DAB and p-DAC are adsorbed. 
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